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ABSTRACT
Craniofacuil Morphology and the Consequences of 
Intentional Cranial Deformation Among 
Prehistoric Andean Populations
by
Matthew Paul Rhode
Dr. Bernardo Airiaza, Examination Committee Chair 
Professor of Physical Anthropology 
University of Nevada, Las Vegas
This research examined the cultural practice of cranial deformation (annular and 
anteroposterior), and its effects on 27 craniometric measurements and biodistances 
among 350 prehistoric crania from the Azapa valley of northern Chile. Included among 
these 27 measurements were nine facial measurements previously considered to be 
unaffected by deformation. One-way ANOVA, Bonferroni multiple comparisons, and 
discriminant function analyses indicated that out of the 27 measurements were seven 
centrally located facial and basilar measurements unaffected by deformation: orbital 
breadth', palate (maxillo-alveolar) breadth, nasal breadth, basion-prosthion length, cranial 
base length, foramen magnum length, and foramen magnum breath. Included among 
these seven measurements were only four of the nine measurements previously 
considered unaffected by deformation.
Penrose (mD^) and Mahalanobis (D^) generalized distances were then calculated for 
male, female, and pooled sex data using the seven new and seven commonly used older
iii
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measurements to assess whether the inclusion of affected measurements skewed 
biodistance interpretations. Review of the resulting generalized distances and cluster 
dendrograms indicated conflicting interpretations o f Azapa valley population history. 
Distances calculated using new measurements suggested general continuity, while 
distances calculated using old measurements indicated early isolation and late interaction. 
This discrepancy may be ascribed to the older measurements’ ability to separate annular 
crania from normal and anteroposterior crania. Thus it is recommended that conclusions 
drawn from studies utilizing the measurements identified as significantly affected by 
deformation require re-evaluation. Further, the seven measurements identified as 
unaffected by deformation are suggested as more appropriate for studying populations 
with deformed crania, warranting further testing.
IV
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CHAPTER 1 
INTRODUCTION
The desire to be viewed as unique is a distinctly human trait. Humans crave a sense of 
individuality yet simultaneously a sense of belonging. To fulfill this need some humans 
willingly and sometimes unwillingly submit themselves to forms of body modification. 
Most modifications such as tattooing, scarring, and piercing affect only the skin, rarely 
leaving lasting traces on bones and in the archaeological record (Flowers, 1881; Rogers, 
1975). One type of body modification that does result in a permanent aesthetic and 
structural alteration of the living and archaeological record, is artificial and unintentional 
cranial deformation (Flowers, 1881).
The final form of the adult skull is not predetermined at the time of birth. Two factors 
influence cranial shape: intrinsic factors (genetics and nutrition) and externally applied 
forces (Gerszten and Gerszten, 1995). Both imintentional and intentional cranial 
deformations result in a dynamic distortion o f the normal growth of a newborn’s 
malleable cranial structures. Apparatus used to induce deformation can not alter the 
amount or magnitude o f innate growth that occurs, but they do alter its direction (Moss, 
1958). Unintentional deformations result from the use cradleboards and other apparatus 
applied to restrain a child’s movement while its parent(s) performed other tasks. This 
type of deformation was exhibited by the Chinook Indians o f North America (Dingwall,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21931; Flowers, 1881; Gerszten and Gerszten, 1995; Rogers, 1975). Intentional cranial 
deformation is the purposeful modification of head shape into a predetermined form.
Final head shape is produced through the application of materials such as hands, pads, 
stones, boards, and bands over a given time period of time (Dingwall. 1931 ; Flowers, 
1881; Gerszten and Gerszten, 1995). The period during which deformation was induced 
could have lasted from a few days to a few months, even lasting up to several years 
(Blackwood & Danby, 1955; Dingwall, 1931; Flowers, 1881; Hasluck, 1947). Factors 
contributing to the length o f this period included cultural practices, parental desires, and 
the child’s willingness to being constrained by the deformation apparatus.
Purpose of Deformation 
An initial question related to the cultural practice of intentional cranial deformation is 
why humans would want to deform their heads and the heads of their children? This 
question is difficult to answer because much of our evidence on deformation practices 
comes from the skeletal remains of extinct prehistoric cultures. The best answers we can 
approximate at present are derived from ethnographic and historic sources that must be 
considered speculative if not inaccurate. Rogers (1975) presents a synthesis o f reasons 
drawn from a variety of sources: 1) to make heads more fierce and formidable to 
enemies, 2) to indicate class distinctions either noble (deformed) versus peasant (non­
deformed) or ruled (non-deformed) versus slave (deformed), 3) to maintain the 
population’s health and vigor, and 4) to make individuals docile and more easily 
controlled. An additional motive given by Blackwood and Danby (1955) is that members 
of the opposite sex considered the long heads produced by annular deformation attractive.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3Flowers (1881), however, feh that all o f these reasons were just outward excuses for 
individuals blindly adhering to custom No matter the reasons given for adherence to the 
custom cranial deformation could simply have began as the unintentional result of 
practices such as cradleboarding, which over time developed into an intentional practice 
as it gained greater acceptance by the members o f a given cultural group.
Geographic and Temporal Distribution o f Deformation Practices 
Once worldwide in distribution, cranial deformation as a form of body modification 
has all but disappeared in modem cultures, resulting from missionary and government 
intervention into indigenous cultural practices (Gerszten and Gerszten, 1995). The 
practice of cranial deformation has an extensive history, however, and deformed crania 
have been found on every continent from Asia, Europe, and Africa to North and South 
America where cranial deformations were an especially important cultural trait, practiced 
for millennia (Rogers, 1975). For further description of cranial deformation and its 
distribution, readers are encouraged to consult Dingwall’s (1931) Artificial Cranial 
Deformation, which provides one of the most comprehensive reviews of cranial 
deformation literature collected from all over the world.
The earliest documented reports of deformation come from the works of Hippocrates 
from around 400 BC and later Herodotus, Strabo, Pliny, and Mela, who observed 
neighboring groups such as the Macrocephali, who lived near the Black Sea, practicing a 
form of cranial deformation involving the use of bands (Dingwall, 1931 ; Flowers, 1881; 
Gerszten and Gerszten, 1995; Hasluck, 1947; Rogers, 1975). Later in the 16* and 17* 
centuries there were many accounts of deformation from the Americas recorded in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4Spanish journals from the contact period as discussed in Allison et al. (1981) and Flowers 
(1881). Records from the Andean region of South America, however, only provide 
information on the deformation apparatus (deformers), methods and types, but no 
scientific analyses focused on the practice (Hoshower et al., 1995).
Cranial Deformation and Anthropology 
The cultural practice o f cranial deformations, both unintentional and intentional has 
been and continues to be, an interest o f anthropologists. Cuhural anthropologists are 
continually intrigued in attempting to identify the origins and meanings - social, 
economic, and prismatic - that can be distinguished as the source o f culture traits such as 
cradleboard designs and preferred head forms (Rogers, 1975). Another reason cranial 
deformation continues to be an important source of study is because it may be able to 
inform researchers about the interaction, organization, and relationships between cultural 
groups. Physical anthropologists are also interested in the anatomical modifications 
caused by deformation, their typologies and distribution within cultures (Rogers, 1975). 
Additionally, physical anthropologists have sought to understand whether or not cranial 
measurements are significantly affected by deformation.
Scientific Studies 
Deformation Classification 
In the later 19* and early 20* centuries, scientific interest in the study of cranial 
deformatmn began in earnest. Early research fiicused primarily on the classification of 
deformations into discrete types. Two principal iqpproaches have been developed to
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5classify deformations. Multiple deformation types based on the devices used and the final 
head forms produced characterize the first approach. Most early studies follow this 
pattern, yet typologies defining multiple deformation types continue to appear in the 
literature. The second approach can be characterized by more simple classifications that 
divide deformations into a few types, defined by the final head form produced. 
Typologies using this approach can be considered as a reaction to the earlier one. which 
were difficult to apply with any facility to statistical analyses. Some of these simple 
methods dividing deformations into only two or three types yet also allow for further 
subdivisions thus combining aspects from both approaches.
One of the first deformation typologies was developed by Lunier in 1869. This 
typology included ten types, differentiated by the cranial region affected during 
deformation. Deformation types defined by Lunier include frontal, occipital, and lateral. 
A decade later in 1879, Topinard defined four types of deformation: 1) simple occipital; 
2) simple frontal; 3) frontal-sincipho-occipital; and 4) finntal-sincipito-occipital-lateral. 
In 1885, L. A. Grosse introduced another typology based upon sixteen deformation types, 
derived from the head form caused by deformation. Included in his typology were types 
such as cuneiform, quadrangular, and trilobate. An extensive review of these early 
classification systems can be found in Rogers (1975). Most early typologies, which 
included multiple deformation types, were difficult to apply consistently and thus a more 
simplistic and consistent method was sought.
Hrdlidka helped to alleviate these problems by introducing a simplified method for 
defining deformations in 1919, as reviewed by Rogers (1975). In this system, Hrdlidka 
initially separated deformations into unintentional and intentional types. Unintentional
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
deformations were further subdivided into occipital and occipito-parietal types.
Intentional deformations were further subdivided into fronto-occipital (Flathead), 
circumferential (Aymara), and occipital forms. This reductionist trend was furthered by 
Shapiro, who in 1929 defined four types of deformation: 1) simple occipital; 2) fronto- 
occiphal; 3) annular; and 4) miscellaneous. Unsatisfied with these final head form 
systems, Dingwall (1931) defined the following six deformation types based upon the 
mechanics involved in creating the deformation: 1) hand molding; 2) application of 
boards to the head; 3) ^plication o f bandage to the head; 4) application of pads to the 
head; 5) application of stones to the head; and 6) cradle induced deformation. It was not 
until 1938, with the introduction o f the Dembo and Imbelloni classification system, 
which summarized earlier work by Imbelloni fi-om 1924-1925 and 1933, did a simple and 
easily applicable classification system develop. The Dembo and Imbelloni system was 
based upon deformed crania from South America and defined only three deformation 
types: 1) tabular erect; 2) tabular oblique; and 3) annular. Later erect and oblique types of 
annular deformation were also included. In 1976, Munizaga added another type of 
deformation named cuneiform to the Dembo and Imbelloni system. The Dembo and 
Imbelloni system has since become standard in South America, but other systems have 
been created for different regions. Weiss (1962) working from an archaeological point of 
view, created a series o f 12 deformation types based upon figurines, ceramics, and other 
arti&cts from Peru. Neumann (1942) developed a system that distinguishes eight types of 
deformation for the Eastern United States: I) obelionic; 2) natural lambdoid; 3) artificial 
lambdoid; 4) occipital; 5) bifronto-occipital; 6) fronto-parietal-occipital; 7) fronto- 
vertkodciphal; and 8) parallelo-fronto-occipital. Allison et al. (1981) increased the
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7number of deformation types the South Central Andes, by defining 16 deformation types 
that were based upon 11 types of deformers (deformation apparatuses) recovered during 
archaeological excavations in the region.
Many of the more conq>lex methods are difficult to use in detailed scientific analyses, 
and a scaled down version of the Dembo and Imbelloni system recognizing two basic 
types o f deformation annular (circular) and anteroposterior (fionto-occipital) has since 
been developed. This typology has been used in the research of Rogers (1975) and Anton 
(1989) and was the method used in this study. Although only two basic head forms are 
recognized by this system, deformation is known to result in a variety o f final head 
shapes. These various types are caused by variability in deformation apparatus and the 
duration and severity o f deformation. Nevertheless all deformed crania, can be placed 
into one o f the two basic types shown in Figure 1.
The first type, annular deformation is produced by the application of constant pressure 
encircling the cranial vault. The application o f bands, pads, and possibly a combination of 
both materials, to the developing cranial bones creates this type of deformation. The 
cranial regions most affected by this of this type of deformation include the frontal, 
parietals, and occipital (Figure 1). Elongation of the cranial length and a narrowing of 
breadth characterize annular deformation. When viewed from posteriorly and superiorly 
the cranial vault takes on a circular aspect (Munizaga, 1976). Other names given to this 
type of deformation include Aymara, circular, and circumferential.
The second type, anteroposterior deformation (erect variety presented in Figure 1) is 
produced ly  the application o f pressure primarily to the occipital and frontal, but this 
varies with only the occipital being involved. Apparatus used to create this type o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Annular
Normal
Anteroposterior (Erect)
Figure 1 ; Illustrations of Deformed and Normal Crania
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9deformation consist o f a combination of boards, pads, rocks, and bands. The head form 
produced ly  this type of deformation is anteriorly and posteriorly compressed, while 
concurrently being medially and laterally expanded (Figure I). Thus, the cranial length is 
reduced while the cranial breadth is increased. Other names ascribed to this type of 
deformation include tabular, and fronto-occipital (F-0). Deformations o f this type can be 
identified by an ovoid or trapezoidal shape (widest in the medial-lateral orientation) when 
viewed superiorly and posteriorly (Munizaga, 1976).
Anatomical Effects of Deformation 
Immediately following the development of a widely accepted classification system, 
compatible with and conducive to the scientific analysis o f cranial deformation, research 
addressing the anatomical effects of deformation began to iq)pear. The alteration of 
craniometric points and cranial measurements used to conduct statistical conq)arisons of 
past populations is one way in which physical anthropologists study cranial deformation 
(Blackwood and Danby, 1955). Other research interests have included the examination of 
cranial angles, the analysis o f sagittal radiogr^hs, cranial profiles, and a combination of 
these techniques. Delineation of the alterations from normal, which are exhibited in the 
vault, cranial base, and focial skeleton, have been the product of much research focusing 
on annular and anteroposterior deformation.
Cranial Base
Understanding the interaction between the cranial base and deformation techniques 
has been one interest o f researchers. However, the results o f these studies have been 
mixed. Numerous studies have attempted understand how the angulation and 
measurements o f the cranial base are modified by deformation. Schuher’s (1976) survey
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
if early literature on the effects of cranial deformation and cranial base indicated that 
McGibbon (1865) found little significant change to the cranial base. Oetteking’s (1924) 
study of 164 American Indian crania indicated that anteroposteriorly deformed groups 
possessed a more platybasic (flat-based) cranial angle than an undeformed group. Later, 
in 1930, Oetteking additionally found that the foramen magnum length was decreased 
across all types o f deformatbn. Blackwood and Danby (1955) state that the position 
(angulation), but not the measurements, o f the foramen m%num, in relation to the 
Frankfiirt Horizontal plane, is altered by annular deformation. Later in 1958, studying a 
sample o f 65 North and South Amerindian crania. Moss demonstrated that obliquely 
deformed crania were more platybasic while erectly deformed crania displayed increased 
basal kyphosis (convexity). Romano (1965) analyzed cranial angles and measurements to 
examine 24 deformed crania from Mexico to determine the angulation of deformations. 
The results of a 1965 McNeill and Newton study of 86 Northwest Coast Indians, support 
Oetteking's findings of platybasia in the mid-sagittal cranial base of both anteroposterior 
and annular deformations. These authors also noted that there was a restriction in the 
normal rotation (angulation) of the foramen magnum. However, they could not 
demonstrate a relationship between the type of vault deformation and the direction of 
cranial base modification. Research by Schendel et al. from 1980, however, showed 
support for the earlier work of McGibbon, finding no change in the cranial base ai^le of 
7 Hawaiian crania. In a series of articles, Mendonca and Rienzo (1981-1982), Mendonca 
et al. (1986) determined that out of 45 angles and measurements examined from sagittal 
cranial profiles, 13 angles were affected by deformation in females, while 24 angles were 
affected by deformation in males. Laitroan (1985) states that the cranial base is less
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variable than other regions such as the neurocranial vault, and facial skeleton. This 
reduced variability can be attributed to the feet that clinical studies have shown that while 
extensive deformations of the vault and fece can be survived, extreme deformations to the 
cranial base are not compatible with continued life.
Facial Skeleton
Investigations concentrating solely on the fecial effects of deformation have been rare, 
but many researchers have included sections addressing this topic. Oetteking's (1930) 
examination of 130 Northwest Coast Indians suggested that annular deformations 
resulted in greater nasal, upper fecial, and orbital heights when compared to 
anteroposterior and undeformed groups. Blackwood and Danby (1955) report an 
increased upper facial height, nasal height, orbital height and facial prognathism in a 
study 12 annularly deformed crania. Also they identified reduction in the minimum 
frontal breadth and maximum cranial breadth. BjOrk and Bjdrk’s 1964 study o f 149 
Peruvian crania indicated a correlation between asymmetrical deformation and facial 
asymmetry. The results o f Rogers (1975) research, using a series of six indices to study a 
sample of 116 crania, reveal that the anteroposterior group was no different from the 
undeformed group. The aimularly deformed crania conversely displayed significant 
differences in four o f the six indices, shown by wider palates, and rounder orbits. These 
changes resulted from an increased facial breadth, orbital height, and more pronounced 
facial protrusion. Cocilovo (1973,1975, and 1978) studied both anteroposteriorly and 
annularly deformed Argentinean crania, determining that the foUowing seven 
measurements: minimum frontal breadth, bizygomatic breadth, orbital height, orbital 
breadth, palate (maxillo-alveolar) length, palate (maxillo-alveolar) breadth, and nasion-
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alveolar height were not significantly affected by artificial deformation. Schendel et al. 
(1980) recorded significantly larger upper fecial heights in their study o f seven 
anteroposteriorly deformed crania as compared to 72 undeformed crania.
In 1982, Cocilovo et al. studied how the variables of cranial variability and sexual 
dimorphism impacted interpretations of cranial deformation. The authors achieved this by 
examining adult males and female from Morro de Arica exhibiting annular deformation. 
Examining these populations the authors used a series of S3 measurements and 20 indices 
taken from the vault and face. Sexual dimorphism was not affected by deformation but 
was identified as the greatest component of intrapopulation variation. Sexual variation 
was related to size differences while variation, induced by cranial deformation, was 
related to shape differences. In regards to cranial deformation, as expected for annular 
deformation, the cranial length was increased while the cranial breadth was decreased. 
Facial measurements were less affected by deformation than the vault, but there was an 
elongation o f the fece shown by an increase in nasal and orbital height and a reduction in 
maxillo-alveolar and palate (alveolar) length. These authors additionally found that the 
cranial base was not significantly altered by deformation.
In a 1989 study, Anton examined measurements and angles taken from lateral 
radiographs of 130 Peruvian crania including anteroposterior (AP) and circumferentially 
(C) deformed crania and undeformed (N) crania. Several variations of the cranial base 
angle increased in both deformed groups, while one decreased in comparison to the 
undeformed sample. She suggests that changes present in the AP group resulted from an 
anteroinferior migration of the basion-sella plane, while changes in the C group are 
related to posterosuperior movement of the frontal Measurements of the nasal region.
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including the maximum nasal breadth and nasal height, were found to remain relatively 
stable, while other fecial and vault measurements, such as the bimaxillary, bizygomatic, 
basicranial, cranial and frontal breadths, decrease from AP to N to C groups. Taken 
together this data indicates that AP deformation results in a widening of the vault and 
face, while C deformation results in cranial and fecial narrowing. Anton concludes that 
deformation has more profound effects on peripheral cranial structures than centrally 
positioned structures.
In 1991, Mizoguchi restudied Oetteking’s (1930) sanq>le finding that most facial 
structures except the upper fecial height suffered from the influence of deformation. The 
1992 study of Suzuki et al. examining 12 deformed and 14 undeformed Filipino crania 
showed that in the fecial region, there were no consistent differences between the 
deformed and undeformed groups.
In 1992, Cheverud et al. studied the effects of fronto-occiphal deformation on a 
sample o f 111 Peruvian and 10 Songish Indians in an attempt to determine the facial and 
cranial base effects o f deformation. Using S3 measurements they were able to identify 
significant indirect effects from deformation in the vault, cranial base, and face. In 
deformed crania there was conqiression of the vault along the anterior-superior and 
anterior-inferior axes. At the same time there was an expansion along the mediolateral 
axis. The cranial base of deformed individuals was found to be wider and shallower, 
while the fece was foreshortened and wider than among undeformed crania. The authors 
hypothesize that this was a conqiensatory modification allowing functional relationships 
between the fece and other regions o f the cranium to be maintained. The findings of 
Anton (1989) were supported by indications that medioiaterally-oriented measurements
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including the biorbital, interorbital, orbital width, bimaxillary, bizygomatic, and cranial 
base breadths show significance differences between groups. However, no increase in 
nasion-prosthion height was identified as reported by Anton. Differences between the 
palate (maxillo-alveolar) length and palate (maxillo-alveolar) breadths were also 
indicated, in variance to Anton’s results.
Cocilovo et al. (1995) examined the variation between tabular (erect and oblique) 
deformation and normal crania for a sample of 120 crania from San Pedro de Atacama. 
Chile. Variations caused by age, sex, and time were statistically excluded and a series of 
38 corrected measurements were studied using one-way analysis of variance. The authors 
found that effects to the vault were more pronounced reflecting restricted cranial length 
development with an associated increase in cranial breadth across both tabular types than 
those to the fece did. Significantly different results were identified in several 
measurements including the bizygomatic breadth, biauricular breadth, nasal height, and 
orbital height. Differences between groups generally indicated that the erect or oblique 
tabular deformations were larger than the undeformed groups.
Mandible
The effect of cranial deformation upon the mandible is one aspect of deformation 
research that has received only scattered scientific attention. One reason for the general 
lack of mandibular analysis is the paucity of mandibles preserved in skeletal collections 
used for deformation research (Anton, 1989; Bjdrk and Bjdrk, 1964; Cheverud and 
Midkiff, 1992). The research that has been conducted suggests that even the mandible is 
affected by deformatioa In their 1964 study of asymmetrical deformatbns, Bjôric and 
Bjdrk found mandible length shorter on the more severely deformed side of
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asymmetrically deformed crania. Although Anton (1989) did not focus on the effects of 
deformation to the mandible, the increased breadth of the cranial base across the glenoid 
fossae seen in fronto-occipitally deformed crania indicates that the mandible would 
likewise need to increase in width to have maintained correct anatomical alignment with 
the cranium. Cheverud and Midkiff (1992) found in a study of 130 Peruvian crania and 
mandibles that only the intercondylar distance (posterior mandibular breadth) was 
significantly increased in deformed crania. However, this difference was minor when 
compared to vault alterations. The authors ascribe this modification of the intercondylar 
breadth as one element of a cascade of effects resulting from deformation commencing in 
the vault, which eventually altered the mandible but to a lesser degree than other cranial 
regions. Schendel et al. (1980) in a study of 79 Hawaiian crania and mandibles displaying 
anteroposterior deformation identified a larger gonial angle, possibly related to an 
increased protrusion of the fece.
Clearly the above researchers have failed to arrive at a common consensus concerning 
the specific effects that deformation has on the facial skeleton and cranial base. Most 
researchers agree on the vault changes induced by annular and anteroposterior 
deformation, but the resultant effects on other regions o f cranium remain enigmatic.
Anton (1989) indicates that such sources o f variation as sanq*le size differences, 
geographic homogeneity, unclear chronological associations, errors in the definition of 
cranial base angles, and misinterpretations of classification systems may be culpable for 
the paucity of consensus across researchers.
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Cranial Components Interrelationships 
It has long been known that the each region of skull, cranial base, fece, and vault play 
important roles during cranial growth, however, details concerning exactly how these 
regions interact remains poorly understood (Lieberman et al., 2000). Moss (1958. 1960) 
has stated that the entire head (bone and soft tissue) should be viewed as a series of 
ftinctional cranial components. These individual components can be separated into 
skeletal units and functional matrices (soft tissues) (Moss and Salentijn, 1969). However, 
the question that remains unanswered is how vault, cranial base, and facial skeleton 
interact during growth and whether deformation affecting one region will have 
consequences to all other areas. This question, however, is beyond the scope of the 
present research to folly address. Although, Moss (1958) considers that redirection o f the 
intrinsic growth vectors (magnitude and direction) of one functional component will 
result in the alteration of all other components. Accepting this hypothesis, the following 
research will assume that there is a strong relationship between the cranial vault, base, 
and facial skeleton. Employing this assumption will allow for the creation of hypotheses 
that address effects o f deformation on the various cranial regions.
Cranial Deformation and Biodistance Analysis 
A central theme of the present research is the investigation o f biological relationships 
reconstructed between groups that include normal and deformed crania. Biological 
distances, biodistarxes, biological affinities, or biological relationships are the 
measurement and interpretation o f relatedness or divergence between populations or 
subgroups within a populatfon derived from an analysis of polygenic skeletal, dental
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metric, or non-metric traits (Buikstra et al., 1990; Larsen, 1997). The assumption upon 
which these analyses rest is that the traits under study are able to indicate relationships 
between groups (Larsen, 1997). The skeletal traits used in the determination of 
biodistance analysis are known to be influenced by intrinsic genetic and epigenetic and 
environmental fectors (Larsen, 1997). This makes their use questionable, but there have 
been consistent clinical findings suggesting that skeletal and dental features, free from 
activity and biomechanically induced changes, can provide valuable insights into 
population structure and relatedness (Brace et al., 1990; Heathcote, 1994; Larsen, 1997).
In biodistance studies the heritabilhy of traits is of less importance than the assumption 
that environmental trait variations are random (Buikstra et al., 1990).
Several reasons for the usefulness of biological distance analysis have been laid out by 
Buikstra et al. (1990). First, results from these studies can be used in examining the 
biological history including genetic drift, gene flow, and natural selection within a given 
group. Second, biodistance analysis can be used to address archaeological and 
bbhistorical questions. Biodistance analysis has the potential to identify population 
boundaries, residence patterns, kinship, residence, social groupings, and the presence of 
foreigners within a population (Larsen, 1997). Third, biological distance research can be 
used as a background against which paleodemographic and paleopathological data can be 
tested. Buikstra (1977) has stated that the response to disease and generalized stress 
varies from one population to another. This means that epidemiological statements must 
be balanced against consideration o f biological distaiKcs in order to gain a complete 
understanding of population health.
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Although, dental and non-metric traits can also be used to reconstruct biological 
distances, the following review will principally concentrate on studies employing 
craniometric data from populations, which included cranial deformations. The use of 
craniometric data has been essential to a number of studies examining cultural and 
historical relationships between populations including Droessler (1981), Heathcote 
(1986), Howells (1973, 1989), Key (1983) and a myriad of other studies presently 
available in the literature.
One essential problem that must be addressed, in regards to using deformed crania in 
reconstructing biological distances, is the feet that deformation alters normal cranial 
proportions and thus cranial measurements from the vault and probably other regions of 
the crania. In cases such as those encountered along the western coast of South America, 
where 50% to 80% of prehistoric populations display some form of deformation, three 
options have developed in order to account for cranial deformation. One option has been 
to use only the undeformed crania o f a given population (Droessler, 1981; Howells,
1973). This eliminates the innate errors of using cranial deformation, but in many cases 
severely limits sample sizes and distorts the significance of resultant distances. The 
second option has been to use a subset o f measurements, selectively drawn from 
statistical analyses, which indicate the chosen measurements are not significantly affected 
by deformation such as those, identified by Cocilovo in 1973,1975, and 1978. Although 
consensus is lacking over the cranial effects o f deformation, the fecial skeleton has been 
identified as one region that may display reduced impacts from deformation. Thus it has 
been the basis o f numerous studies but questions still remain. Can one set of 
measurements be tqiplied to all populations or should individual sets o f measurements be
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developed for each population? Are the measurements shown to be unaffected by annular 
deformation similar to or different from those related to anteroposterior deformation or 
do all measurements identified as being unaffected by deformation in one population 
need re-testing before they are applied to different populations? The third method 
developed to counter cranial deformation and its effects is the creation o f a system that 
accounts for the deformation, producing normalized measurements from deformed 
measurements. Shapiro (1928) was an early proponent of a system able to normalize 
deformed measurements. Shapiro’s system used three formulae to correct for the effects 
of deformation on the maximum cranial length, maximum cranial width, and cranial 
height. However, due to a number o f methodological problems and its limited number of 
corrected measurements this technique was unable to find wide acceptance in the 
scientific community. Later in 1981, Droessler asserted correctly that cranial deformation 
is a significant potential source of error in biodistance studies. Droessler (1981) suggests 
when cranial series contain large numbers o f deformed and undeformed crania it may be 
possible to account for deformation using regression equations and dummy variables. 
Although feasible, this methodology has also been unable to find supporters in the 
scientific community and most biological distances, developed from populations, which 
include some percentage of deformed crania, have focused on one o f the earlier two 
techniques.
Prehistorv and Archaeologv of the Azapa vallev 
Archaic Period 18000-1000 BC) - lEarlvl 
The Archaic period in the Arica region is characterized by hunting and gathering 
populations adapting to a sedentary existence focused on the exploitation o f abundant
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marine resources (fish, moUusks, sea lions, sea birds, and algae) along the western 
Andean coasts (Rivera, 1991; Sutter, 1997). These maritime hunters and gatherers are 
known as the Chinchono and have been identified as one o f the first human populations 
to practice complex artificial mununification (Arriaza, 1995; Guillen, 1992; Rivera 1984. 
1991; Sutter, 1997,2000). The practice of mummification was egalitarian being 
performed on all members of the population from stillborn infants to adult men and 
women. Grave offerings from the early Archaic are limited, possibly reflecting a recent 
hypothesis, suggesting that once conqileted mummies were not immediately buried but 
kept on display within the community. During the later Archaic grave offering began to 
include more utilitarian objects. Artifacts associated with the Chinchorro include net 
bags, reed baskets, fishhooks (cactus and bone), harpoons, reed mats, and animal hide 
garments, all reflecting reliance on maritime subsistence (Rivera, 1991). No ceramics are 
associated with the Chinchorro but by the end of the Archaic period simple experimental 
ceramics were being produced (Rivera, 1991). Dwellings during the Archaic were 
circular partially subterranean huts made with cane matting, which used stones as 
foundations (Rivera, 1991). Characteristic Chinchorro sites include the early site o f MO- 
1 and the later site o f MO 1-6. By the end of the Archaic period mortuary practices 
changed. Artificial mummification ceased and extended or flexed burials started to 
appear. Grave good also shifted to include non-utilitarian objects, suggesting social and 
economic changes among coastal populations.
Although the initial phases o f this period overlap the late Archaic, the Formative 
period is marked by the development o f ceramics, the introduction o f cultigens (maize.
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manioc, sweet potatoes), more advanced loom woven textiles, and metallurgy (Rivera. 
1991; Sutter, 1997). Coastal sites such as CAM IS/ISD (Faldas del Morro) and PLM 7 
(El Laucho) still exhibit a reliance on maritime subsistence, but inland sites such as AZ- 
70, AZ-14, AZ-115, and AZ 75/75D/75E begin to display a mixed agropastoral and 
maritime economy (Rivera, 1991 ; Sutter, 2000). In Arica, the Faldas del Morro and 
Azapa cultures are associated with the first ceramic tradition in the region characterized 
by fiber-tempered, neckless, globular-shaped vessels, slightly constricted as the top, with 
everted lips, and no decoration (Sutter, 1997). A second ceramic tradition characterized 
by sand-tenqxred, globular, neckless, undecorated vessels is characteristic o f El Laucho 
sites such as PLM 7 (Sutter, 1997,2000). Mortuary practices during this period varied 
from extended to flexed burials, all o f which lack artificial mummification. Instead 
individuals were wrapped in wool or vegetable fiber mats, lying on their sides 
acconqtanied by few grave goods usually consisting o f utilitarian items such as fishing 
toolkits o f fishhooks, nets, and harpoons (Sutter, 1997). Other grave offerings included 
reed baskets with geometric designs, U-shaped vegetable fiber broaches, and 
hallucinogenic tool kits (Rivera, 1991; Sutter, 1997).
Inland sites from this period display either the earlier Azapa (KXX) BC- 800 BC) or 
later Aho Ramirez (800 BC -  AD 500) traditions. Burials from the Azapa phase level o f 
the AZ-71 site are positioned on their sides wrapped in reed mats and coarse woolen 
blankets made with similar patterns to earlier groups (Sutter, 1997). Grave offerings were 
primarily utilitarian objects such as digging sticks and harpoon shafts, but non-utilitarian 
offerings such as decorated gourds and frxxl offerings have also been recovered (Sutter, 
1997). Aho Ramirez ceramics lack decoration, but are tenqxred with sand and quartzhe
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and were fired in times exceeding 500®C (Sutter, 1997). Globular forms were the most 
common ceramic types. Another innovation was the appearance of handles on the necks 
and bodies of vessels during this period. Richly decorated textiles have also been found 
in burial that show evidence o f repair (Sutter, 1997). Alto Ramirez phase burials from 
such sites as AZ-70, AZ-14, AZ-115, and AZ 75/75D/75E take the form of tumulos 
(mounds) made with thick layers o f reeds and other plant material alternating with layers 
o f dirt and rocks (Sutter, 1997). During this phase more interpersonal conflict may have 
occurred between populations because trophy skulls have been found within and around 
some tumulos. Grave goods including non-utilitarian artifacts including textiles, combs, 
agricultiual offerings, and ceramics also became more common (Sutter, 1997).
During the Formative period two distinct groups exhibiting differing mortuary 
practices appeared. One group includes the coastal Faldas del Morro and El Laucho sites 
representing fishing communities that supplemented marine resources with some 
agricultural products from the inland valleys. Burials from the coast are usually arranged 
in a seated position within a tomb marked by wooden stakes (Sutter. 1997). Grave goods 
often include foods and artifacts that reflect maritime subsistence, but some excavated 
graves include agricultural products and neckless globular ceramics. The second group 
includes the inland Azapa and Aho Ramirez phase sites located along the river valley 
representing agrkuhurists who interred their dead laying on their sides within pits or 
tumulos (Sutter, 1997). Graves from inland shes include ceramics, food offerings, and 
digging sticks reflecting a reliance on agricultural subsistence (Sutter, 1997).
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Middle Horizon fAD 750-1100) - FLatel 
This period is defined by the presence of Tiwanaku IV and V ceramics and distinctive 
textiles appearing in burial contexts at the sites of AZ-6, AZ-71, and AZ-75 (Guillen,
1992; Rivera, 1984,1991; Sutter, 1997,2000). The degree to which Tiwanaku influence 
impacted to the valley is unclear because many artifacts and burials excavated from this 
period show clear affinities to local Cabuza and Maytas-Chiribaya cultures. Yet, some 
researchers think that the Cabuza and Maytas-Chiribaya are later regional traditions 
which developed follow the decline o f the Tiwanaku (Sutter, 1997). Thus Tiwanaku 
influence may not have been directly feh in the Azapa valley resulting from Altiplano 
colonies but may have been more subtle and indirect attributable to an influx of 
Tiwanaku artifacts and cultural practices that were adopted by the local populations 
(Sutter, 1997).
Cabuza (AD 300-700 or later) groups are characterized by black-on-red ceramics 
displaying geometric designs (Rivera, 1991). One common vessel form is the beaker- 
shape, but bowls and jars were also created. The Cabuza phase sites like AZ-6 and AZ-71 
showed an increase in textile variation (ceremonial, ritual, and domestic) created using 
advanced techniques that allowed weavers to create polychrome designs (Rivera, 1991). 
One of these textiles was a woolen cap with four comers, decorated in one or two colors 
with geographic designs in relief (Rivera, 1991). Other artifects created included boxes, 
trays, and spoons carved from wood (Rivera, 1991). Leatherwork artifacts such as 
basketry, sandals, strings, quivers, and bags have also been found (Rivera, 1991). 
Metalwork objects such as plaques, ornaments, rings, and beads o f gold and sliver have 
been found (Rivera, 1991). Bronze was used to produce agricultural tools such as digging
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sticks, knives, hoes, and shovels (Rivera, 1991). Cultigens included maize, sweet 
potatoes, beans, pumpkins, squashes and coca, suggesting greater reliance on agriculture. 
During the Maytas phase (AD 700 -  1000 or later) ceramics are characterized by black 
and white designs on red slips decorated with triangles, undulating lines, and concentric 
geometric designs (Rivera, 1991). Vessel forms ranged from jars with globular bodies, 
flat bases, vertical handles, and straight necks to beakers, and bowls. Another ceramic 
type known to appearing during this time is the Chiribaya. Chiribaya ceramics were 
essentially copies o f Cabuza style ceramics but with lines of white dots along the black 
designs and more concentric motifs added (Rivera, 1991). During this period mortuary 
practices changed once again and tumulos fade. In their place bundle burials that 
consisted of flexed bodies covered in woolen shirts appear (Rivera, 1991).
Late Intermediate (AD 950-1476) - [Latel 
The decline and collapse o f the Tiwanaku culture define this period. In the intervening 
years, a series o f distinctive regional cultures characterized by specific architecture, 
ceramics, mortuary practices, and textiles developed. Most regional ceramic traditions 
that developed, however, retained similarities to the preceding Tiwanaku ceramics 
(Sutter, 1997). One of the first traditions to develop was the San Miguel, which is 
characterized by black or red and black designs painted on white slips (Rivera, 1991 ).
This style o f decoration is closely related to the Late Horizon Pocoma and Gentilar 
ceramics, but was contemporaneous with the Cabuza and Maytas Chiribaya cultural 
traditions (Sutter, 1997). Cabuza and Maytas-Chiribaya ceramics were similar in form, 
decoration, and style to the Ilo-Cabuza and Chiribaya ceramics from Southern Peru 
(Sutter, 1997). Variable pastes, forms, and designs characterize the ceramics created
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during this period. Forms taken by these ceramics include large globular water jars, with 
straight bases, vertical handles, and narrow necks, beaker shaped vessels with modeled 
figures on the rims in anthropomorphic or zoomorphic shapes are also present (Rivera, 
1991). Decorations are usually geometric motifs in black or red and black on a white 
slipped surface (Rivera, 1991).
Gentilar (AD 1350) ceramics were thinner and of a better quality than San Miguel 
ceramics (Rivera, 1991). Water jars with flaring necks were most common, while 
decorations included black, white, and red on a smooth red slip. Motifs varied but usually 
included geometric figures, yet at times crosses and anthropomorphic and zoomorphic 
were been found (Rivera, 1991).
Settlements from this period are poorly understood due to the disturbance and 
destruction of sites in recent times (Sutter, 1997). Mortuary practices, however, are well 
understood fi’om such sites as AZ-6 and AZ-71 (Sutter, 1997). Tombs were simple single 
flexed burials, consisting of an individual wrapped in one or two woolen shirts of 
generally poor quality (Sutter, 1997). The individual was then placed seated into a sandy 
pit. Grave goods largely reflect the agropastoral subsistence of these groups. Offerings 
included ceramics, tools, llama feet, but few agricultural and food offerings (Sutter,
1997). The inland she o f AZ-140 possessed burials in sandy phs oriented in a seated 
poshion associated with Maytas and Maytas-Chiribaya ceramics (Sutter, 1997). Grave 
goods associated whh these burials si^gested mixed agromaritime subsistence. Males 
were accompanied by fishing toolkhs, and model boats, while weaving kits and materials 
for the production o f textiles were associated with female burials (Sutter, 1997). Non­
utilitarian grave offerings included such hems as agricultural foods and llama feet. PLM
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4 is a coastal site from this period. Tombs from this site contained single flexed, seated 
burials, which are often associated with ceramics and textiles from Maytas-Chiribaya.
San Miguel, and Gentilar cultural phases (Sutter, 1997). Tombs are generally simply 
constructed sandy pits sometimes lined with two to three rocks for wall stabilization.
PLM 4 grave good reflected a largely maritime subsistence. Male burials were associated 
with fishing toolkits, harpoons, and model boats, while female were often buried with 
weaving toolkits, raw materials (wool), and dye boxes (Sutter, 1997). Non-utilitarian 
objects associated whh these burials included such items as dried fish and mo Husks. This 
burial pattern suggests the possibilhy of sexual division of labor within these populations.
The Terminal Late period is defined by the expansion Inca influence throughout the 
South Central Andes (Rivera, 1991; Sutter, 1997). In the Azapa valley this period 
generally is characterized by a continuation of the preceding traditions at AZ-8 and other 
sites whh a possible Inca installation at AZ-15 (Sutter, 1997). Local terminal late period 
sites have been given the cuhural designations o f Pocoma and Gentilar (Sutter, 1997). 
Pocoma ceramics are similar to the San Miguel types, but incorporate the black, whhe, 
and red decorations similar to Gentilar types Sutter, 1997). Gentilar ceramics are high 
qualhy and were often decorated whh zoomorphic figures painted in black on zones of 
whhe paint (Sutter, 1997). Apart from the variability o f ceramic tradhions there are only 
minor differences present between the Late Intermediate and the Terminal Late periods.
Burials fix>m this period are best understood from the she of AZ-8 and a portion of 
PLM 4. Burials from these shes possess Pocoma and Gentilar ceramics and textiles 
(Sutter, 1997). Grave offerings and tomb construction are similar to the preceding Cabuza
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and Maitas-Chiribaya tombs from AZ-6, AZ-71, and AZ-140 (Sutter, 1997). Most grave 
offerings reflect agromaritime subsistence with a somewhat greater emphasis on 
agricultural products. Several sites possess both Gentilar and Inca ceramics indicating the 
possibility of Inca colonists in the region. However, exact relationships between sites 
remain poorly understood (Sutter, 1997).
Biodistance Studies in South America 
In South America, where more than 50% of some prehistoric populations exhibit some 
form of deformation, it is difficult, if not impossible, to develop biological distances 
using only undeformed crania. Accordingly, a great deal of research has focused on the 
use o f measurements identified as unaffected or slightly affected by deformation. One 
area that has been given special attention is the South Central Andes and specifically 
populations living in, and around the Azapa valley o f Northern Chile, resulting from the 
excellent skeletal preservation occurring in the arid climate of the Atacama desert. The 
measurements most often enq>k>yed in this research are the seven to ten facial 
measurements defined by Cocilovo (1973, 1975, and 1978).
Over the past 20 years Cocilovo et al. (1990), Dittmar (1996), Guillen (1992). Rivera 
and Rothhammer (1986,1991), Rothhammer (1994), Rothhammer and Silva (1989,
1990,1992), and Rothhammer et al. (1981, 1982, 1983, 1984a,b; 1986, 1989) have 
systematically addressed questions concerning biological relationships among the 
cultures of prehistoric Northern Chile and other South American populations. These 
studies have used both previously published craniometric data and newly collected data, 
which has been analyzed using a variety of methodologies to reconstruct and assess 
biological relationships among prehistoric South American populations.
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Biodistance. Time, and Geography 
Rothhammer et al. (1981) using both pooled and separate sex data examined the 
relationships between the following sites from Northern Chile: CAM 14, Mono de Arica, 
PLM 7 (El Laucho), AZ-70 (Aho Ramirez), and PLM 4 (D. Regional) with collections 
from Paucarcancha (Peru) and Tiwanaku (Bolivia). In this analysis the authors used nine 
measurements. These measurements included six of Cocilovo’s seven measurements and 
three additional measurements basion-prosthion length, nasal height, nasal breadth. All 
nine measurements were used to calculate Mahalanobis (D^) distances. Results suggested 
that there was a high correlation between geographic distance and temporal separation. 
Addhionally, variation caused by size was found to be more significant than shape in the 
differentiation between groups according to the authors. The coexisting cukures o f El 
Laucho and Aho Ramirez were identified as being closely related although they exhibit 
different cuhural tradhions. Females more than the males show this tendency suggesting 
marriage or wife exchanges occurred between these two populations. The authors 
concluded that their research suggested early local evolution of Chilean groups, which 
was later, post-1000 AD, influenced by highland cuhures o f  Peru and Bolivia.
In 1990, Cocilovo et al. investigated craniofecial variation among South Central 
Andean populations and hs use for clarifying questions o f population evolution 
throughout the region. Twenty-two collections representing 736 crania were analyzed 
using Cocilovo’s seven general measurements plus two addhional measurements basion- 
prosthion length and nasal height. Mahalanobis distances (D^), and cluster diagrams 
created using these measurements, allowed the authors to show that the adaptation of 
early Archaic populations to continental ahiplanic and coastal environments, together
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with regional and subregional population isolation, resulted in the creation of two recent 
biological entities one Argentinean and the other Chilean.
Studying the cranial data from A z ^  valley populations spanning over 7000 years has 
established several general findings regarding the effects of cranial deformation. 
Correlations have been identified between craniometric variation, chronologic, and 
geographic distance. Similar to earlier studies the authors have found that as the time and 
space increases, the distance between populations increases. Authors have confirmed 
these findings by analyzing non-metric cranial traits collected from the same populations. 
Rothhammer et al. (1984b) conducted research in which a series o f 14 non-metric cranial 
traits were examined to reconstruct the relationships among populations of northern 
Chile. The shes/cuhures examined in this study include CAM 14, Morro de Arica, El 
Laucho, Aho Ramirez, and PLM 4. Resuhs indicated a 70% correlation between 
chronology and biological distance supporting the earlier findings from metric data.
In 1990, Rothhammer and Silva examined the effects of climate, ahitude, chronology 
and geography on relationships between South American populations. In this analysis the 
authors used a series of 1,119 crania from 25 collections taken from different areas of 
South America. Collections were selected for: 1) widespread geographic location; 2) 
relatively homogenous chronology; 3) large sanq)le sizes; 4) presence of both males and 
females; and 5) availability o f seven fricial measurements. Six of these measurements 
were from Cocilovo (1973, 1975, and 1978) while the seventh measurement was nasal 
height. Resuhs again indicated that geogrtqphic isolation explained the highest proportion 
o f craniometric variation -23%, followed by climate and ahitude, which explained -10% 
o f the variation. In contrast to their earlier studies, this research indicated that
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chronological contributions to variability were negligible. Therefore the authors 
concluded that biological (genetic) distance increases as geographic (m ^ ) distance 
increases in ostensibly contenqx>raneous populations.
In 1994, Rothhammer investigated Mahalanobis distaixes calculated from nine 
craniofecial measurements taken from 16 prehistoric South American populations 
representing 742 individuals. Seven of the measurements were Cocilovo’s general 
measurements, while two additional measurements were included: basion-alveolar length, 
and nasal height. This research supports the previous study confirming that geographic 
isolation had a significant role in affecting biological distances and interpretations.
Origins of the Chinchorro 
Other research conducted in South America has focused on the biological origins, 
history, and development o f Andean populations. One specific area of focus has been on 
delineating the origins o f the Chinchorro culture of northern coastal Chile. One possible 
origin was among the cultures o f the Amazon basin, but research has also st^gested that 
there may have been a series of migrational events from the altiplano region where 
influences from tropical forest culture may also have been possible.
Rothhammer et al. (1986) examined models for the settling of South America and 
Chile. At the outset the authors stated that there are few well preserved archaic sites, 
which has retarded investigations on this topic. More sites available for later Archaic and 
agricultural periods, but these sites often possess small and inadequate sanq>le sizes. 
Nevertheless, the authors decided to perform an analysis o f all available materials. They 
included material fit)m 25 collections without stated sanqile sizes. The data collected 
fiom these collections was conqprised o f a series o f seven craniofiicial measurements. Six
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of these measurements come from Cocilovo (1973,1975, and 1978), while the seventh 
measurement was nasal height. Based on the results of this research the authors suggested 
that the earliest populations moved into the Andean region around 10,000 BC. These 
populations were nomadic hunters and gatherers from the highlands o f the central 
Altiplano. Over time the megafauna exploited by these groups gradually became extinct 
and local populations adapted to the new enviroiunental circumstances by shifting their 
subsistence onto a more varied resource base encompassing small game, more plants, and 
marine resources. Population movements around 6000 BC indicate that tropical forest 
cultures moved into the coastal areas o f the south Central Andes and then developed into 
the Chinchorro culture. Around 1000 BC a highland Altiplano tradition develops and 
spread its influence into northern Chile. In AD 400, the Tiwanaku-Cabuza culture spreads 
its influence into the area, later to be replaced by the Inca and finally the Spanish after 
AD 1500.
Rothhammer et al. (1984b) next studied the peopling of South America by examining 
29 collections, representing 1028 crania, sampled from many regions of South America. 
To analyze the relationships between these populations, they used six measurements 
considered unaffected by deformation to create Mahalanobis (D^) distances. Five o f these 
measurements are from Cocilovo (1973,1975, and 1978), while the sixth measurement 
was nasal height. From D  ^distances, a cluster dendrogram was created indicating that 
cultures from Arica, Chile were more related to the Tiwanaku culture. From all the data 
available the authors were able to develop two models for the peopling o f South America. 
One model showed that the first populations came into South America through Panama 
and then split, with one group progressing eastward along the Atlantic coast and the other
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
moving southward along the Andes. This Andean group later spread into northern Chile, 
northwest Argentina eventually to Brazil, and Tierra del Fuego. The second model 
proposes a similar scheme to the first, but introduces a migration route for populations 
from the eastern Atlantic coast through the Amazon, arriving at the Pacific coast along 
the South Central Andes. The authors stated that craniometric data finm their earlier 
research can support either o f these models but that further research is required to resolve 
which, if any, of these models is most accurate to use in South America.
In a 1986 study, Rivera and Rothhammer discuss the biological and culture 
relationships o f the Northern Chile’s Chinchorro culture. The authors attempted to 
identify new elements to support their hypothesis o f an early interaction between the 
Pacific coast and the Amazon basin. Part o f their analysis developed Mahalanobis 
distances between a series of sites, four of which are from the coastal Chile (CAM 14, 
Morro 1, Morro de Arica, PLM 7) and three of which represent Tropical Forest and 
Altiplano cultures (Sambaquies, Paucarcancha, Tiwanaku). Eight measurements, 
considered unaffected by deformation, were employed in this analysis. Six o f the 
measurements are from Cocilovo (1973, 1975, and 1978). The seventh and eighth 
measurements were nasal height and nasal breadth. Biological distances developed 
indicated relationships between the North Chilean coastal populations and the Tropical 
Forest Sambaquies, as identified by small distances between the earliest sites o f CAM 14, 
Mono 1 and the Amazonian group of Sambaquies, which indicate a possible tropical 
origin for the Chinchorro culture.
A 1989 study, Rothhammer and Rivera examined 29 skeletal collections 
etKonqxissing 1,239 individuals to develop models for the peopling o f South America.
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However, the groups used represent Middle and Late Agricultural shes. No Archaic shes 
were used because few o f these shes have large samples of well-preserved crania suitable 
for analysis. Collections were chosen based upon the following criteria: 1 ) overall they 
display widespread geographic distributions; 2) they had relatively large sample sizes; 3) 
both males and females were present; and 4) the six facial measurements, identified as 
unaffected by deformation were available for measurement. Five of the measurements 
came from Cocilovo (1973,1975, and 1978) while the sixth measurement was nasal 
height. Using this data the authors produced isoline maps used to establish biological 
relationships among early Andean populations, and to identify major migrational routes 
used during the peopling of Andean South America. Their findings once %ain indicated a 
strong relationship between the Andes and Amazon regions of South America.
In a 1991 study, Rothhammer and Silva once again attempted to define the origins and 
relationships o f the Chinchorro culture. To determine the relationships that existed 
between the Chinchorro and other South American populations the authors used a series 
o f eight measurements unaffected by deformation to calculate Mahalanobis distances.
Six of these measurements were from Cocilovo (1973,1975, and 1978) while the other 
two measurements were nasal height and breadth. The collections used included Andean 
coastal groups from the sites of CAM 14, Morro 1, Morro de Arica, and PLM 7, Amazon 
basin groups from Sambaquies de Cabezuda, and Highland groups from Bolivia 
(Tiwanaku) and Peru (Paucarcancha). Using Mahalanobis (D^) distances, the authors 
suggested that the Andean coastal groups were most closely related to Amazonian 
groups, while they were more distantly related to the highland groups. These finding 
suiqwrt many o f their earlier studies, which have suggested that the Chinchorro and
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Tropical Forest cultures were either related or at the very least, had early contact with 
each other with possible gene flow.
A 1992 article, Rothhammer and Silva focused on the use of 13 genetic markers to 
determine population displacements in South America. Results from the first three 
principal components were interpreted as supporting previous analyses, which showed a 
connection between the cultures o f the Amazon Basin and the Andean cultures.
All o f these papers have supported Rivera's (1975,1977) general hypothesis that the 
Chinchorro culture developed from groups once living in the Amazon Basin. This in turn 
has strongly lent support to the original hypothesis o f Lathrop (1970) which indicated 
that Andean cultures are strongly related to Tropical Forest Cultures o f the upper 
Amazon.
Additional research by Rothhammer et al. (1981, 1983, and 1986) that has used 
alternative archaeological sites and craniometric variables has shown that there were 
similarities between later Az%q*a valley cultures aixi Altiplano cultures from Tiwanaku, 
and Bolivia. Based upon these results, the authors contended that later Altiplano cultures 
replaced the Chinchorro culture during the Formative Period and Middle Horizon.
Research by Rothhammer et al. (1983) studied the relationships between four 
prehistoric coastal populations CAM 14, Aborigines de Arica, El Laucho, and PLM 4 and 
five coastal and altiplano cultures from Peru and Bolivia: Paucarcancha, Tiwanaku, 
Chicama/Moche, Chancay/Chillôn, and San Damiàn. Five measurements unaffected by 
deformation were used to develop Mahalanobis distances between the populations. 
Four of the five measurements came from Cocilovo (1973,1975, and 1978) while the 
fourth measurement was nasal height. Analysis results revealed that the coastal
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populations of Arica were, on averse, more closely related to the highland and ahiplano 
Paucarcancha populations from the Urubamba River valley than the other groups. 
Distances then increased through the Tiwanaku, San Damian, Chancay/Chillon, and 
Chicama/Moche. However, an analysis of distances between sites was not presented and 
distances between the Chilean coastal and Peruvian and Bolivian series were also not 
presented.
The results o f a study by Rothhammer and others (1984a) using 24 non-metric cranial 
traits has led them to argue for a biological continuity between the Chinchorro and later 
Azapa valley populations, in contrast to many o f their earlier studies which suggested 
replacement by later Ahiplano cuhures. Therefore, results from these various research 
projects based upon various measurement sets and methodologies, have yielded both 
evidence supporting some of their hypotheses and evidence that contradicts other 
hypotheses leading to questions concerning the accuracy o f these research studies, their 
methodology and conclusions.
Other Research Studies 
A section o f Guillén’s (1992) doctoral dissertation examined the following five facial 
measurements suggested to be unaffected by deformation: nasion-prosthion height; 
bizygomatic breadth; orbital breadth; orbital height; and nasal height. Four of these 
measurements were among the primary seven o f Cocilovo (1973, 1975, and 1978) while 
the fifth measurement was nasal height. Using a pooled sex sangle, Guillen reconstructed 
the biological relationships among the Archaic Chinchorro of MO-l, MO 1-6 and 
Aborigines de Arica, the Formative period El Laucho (PLM 7), and Late Intermediate 
Maytas (AZ-140) cultures o f the Azapa valley, Arica using Mahalanobis D  ^distances.
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Guillén stated her methodology explicitly and considered issues of intra-observer error; 
features missing from many previous studies. Guillén’s biometric findings indicated 
small (non-significant) distances between the Chinchorro and El Laucho groups 
suggesting population continuity along the coastal regions during the Archaic and 
Formative periods. There were also small (non-significant) distances between the El 
Laucho and Maytas groups, but large significant distances between the Chinchorro and 
Maytas groups. This may indicate that the El Laucho could have been descendents of the 
Chinchorro, but also interbred with earlier populations that developed into Maytas 
groups. Surprisingly, there are significant differences between the Aborigines de Arica 
and the other three groups. This is odd because the Aborigines have been identified as 
part of the Chinchorro culture. Guillén (1992) thought this large distance might be an 
arti&ct of intra-observer error or the lack of contextual information about that site. She 
concluded that all the coastal populations o f Arica represent the same population, 
suggesting other populations moved into the region from the Ahiplano around 1000 AD 
during the Intermediate period.
Dhtmar (1996) examined the fiicial structure o f highland and lowland populations in 
prehistoric South America. This research used data previously collected from 29 series 
representing 1388 crania from the Area Central and the Area Centro-Sur-Andina, which 
cover roughly 7000 years o f the region’s history. To analyze the relationships between 
these populations seven craniofacial measurements, considered unaffected by 
deformation, were examined. Five o f the measurements came from Cocilovo (1973,
1975, and 1978) while the sixth and seventh measurements were basion-prosthion length 
and nasal height. The results o f the princqnil conqwnents analysis indicated two general
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trends in the data, one for height and another for breadth. Three different facial types 
were drawn from these two components: 1) wide and low &ces; 2) narrow and low faces; 
and 3) wide and high frices. These types broadly correspond with three clusters identified 
during a subsequent cluster analysis. The first 6cial type can be associated with the 
coastal populations o f Peru. The second fecial type can be associated with Chilean 
populations from differing altitudes. The third fecial type can be associated with highland 
groups from Bolivia and Argentina. Interactions are suggested between coastal 
populations of Peru and Northern Chile, lowland populations of Chile and highland 
Bolivia, and highland populations from Bolivia and Argentina.
Much of the aforementioned research clearly lacks consensus regarding preexisting 
relationships between the prehistoric populations o f the Azapa valley, during the 7000 
years documented in the region. Summarizing and comparing this work tends to be 
difficult because the various authors often employed differing combinations of 
craniometric measurements and archaeological sites to conduct their research. The 
authors also presented varied methodologies, often poorly explained and thus 
questionable (Sutter, 1997). At times these authors have used five (Rothhammer et al., 
1983; Guillén, 1992), six (Rothhammer, 1984b; Rothhammer and Rivera 1989), seven 
(Dittmar, 1996; Rothhammer et al., 1984a, 1986), eight (Rivera and Rothhanuner, 1986), 
and nine (Rothhammer et al., 1982; Rothhammer and Silva, 1990) craniofecial 
measurements to reconstructing biological distances or conduct other analyses causing 
their own studies to be very difficult to compare and synthesize. In some studies 
(Rothhammer et aL, 1983, 1986; Rivera and Rothhammer, 1986), the authors did not 
fully present their results, discussing only those sections which best fit their models
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without discussing any ahernative explanations (Sutter, 1997). Even more troublesome is 
the feet that the validity and stability of the measurements considered as unaffected by 
deformation have never been tested to the author’s (MPR) knowledge.
Present Study 
Purpose of Research
It is readily apparent from the foregoing review that researchers have failed to reach 
consensus regarding the effects cranial deformation has had on the ontogeny of the 
developing fecial and basal skeleton. Most researchers acknowledge the significant and 
definable vault alterations induced by annular or anteroposterior deformation. However, 
the degree, to which these alterations affect other regions o f the crania, however, is a 
relationship that remains ambiguous.
Evidence fivm clinical studies suggests that there is a definable connection between 
the vault, cranial base, and fecial skeleton (Lieberman et al., 2000), and that aheration of 
growth in one o f these areas should consequently affect all other regions (Moss, 1958). 
However, the magnitude to which these affects can or will be reflected in the bony 
structures of the skull are still unclear. The degree o f change depends upon such fectors 
as the deformation type annular or anteroposterior, the severity o f the deformation, and 
other intrinsic and extrinsic factors such as genetics, environment, and nutrition (Moss, 
1958; Gerszten and Gerszten, 1995; Larsen, 1997). Depending upon these fectors, any or 
all measurements recorded from deformation crania may be distorted in some manner.
The central question is, if all measuremeiüs are affected are there any affected to such a
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minor degree as to be unnoticeable to generally available instruments such as hand 
calipers?
This research assumes that deformation affects the cranial base and fecial skeleton. 
Acceptii% this point of view, however, immediately places all research suggesting that 
measurements unaffected by deformation can be identified into question. Acknowledging 
that researchers have found the most intense alteration occurring at the site of 
deformation (i.e. the vault), it is possible that less severe changes occur to the cranial base 
and facial skeleton. Some form of modification or alteration must occur, but possibly to 
such a minor degree as to be below the level of instrumental observation. If this is the 
case, then specific measurements or sets of measurements can be selected, which are not 
qiparently affected by deformation. These measurements are the ones that can profitably 
be used in more detailed analyses of past lifeways. Since, much of the preceding scholars 
have focused on the fecial skeleton, the present research has as its goal the elucidation of 
the following question:
What effect does intentional cranial deformation (annular and anteroposterior) 
have on the facial skeleton and its commonly recorded measurements?
Specifically, the seven essential measurements identified by Cocilovo (1973,1975, and 
1978) as being unaffected by deformation: minimum fixmtal breadth, bizygomatic 
breadth, orbital height, orbital breadth, palate (maxillo-alveolar) length, palate (maxillo- 
alveolar) breadth, and naskm-alveolar or nasion-prosthion height will be examined. Also, 
the three additional measurements will be examined. These measurements: basion- 
prosthion length, nasal height and nasal breadth have been added to the preceding seven
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by Cocilovo and other authors. Seemingly, many researchers have unquestioningly 
accepted the underlying and untested assumption that these ten measurements are always 
unaffected by deformation no matter the type or the population being studied. This has 
resulted in the absence o f a critical review and testing of these measurements’ stability 
across populations and deformation types.
One of three answers may be obtained by this research in regards to the preceding 
question. 1) All ten of the measurements could be supported as unaffected by 
deformation with or without new unaffected measurements being identified. This would 
not only validate the continued use of the measurements, but also all o f the research 
conducted over the past 20*25 years, based upon the measurements. 2) Only a portion of 
the ten measurements will be supported as unaffected by deformation with or without 
new unaffected measurements being identified. This finding would support the use some 
measurements, but refute the continued use of others and would put much of the research 
conducted over the past 20-25 years in question. Specially, those studies that made use of 
measurements identified as significantly affected ty  deformation. 3) All ten of the 
measurements could be identified as being significantly affected by deformation with or 
without new unaffected measurements being identified. This would both refute the use of 
these measurements and make all of the research conducted during the last 20-25 years 
unsupportable and the conclusions developed in these studies erroneous.
Based upon the findings o f the cranial deformation analysis and its effects on fecial 
and other cranial measurements, the second portion of this research will be the creation of 
biological distances among the cultures o f the A z ^  valley, o f northern Chile over a 
period o f roughly 7000 years. The reason for focusing on this region is that many
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researchers have used Azapa valley populations to reconstruct regional and continental 
scale biological affinities with Peru, Bolivia and the Amazon, but little research has 
focused on microevolutionary or intraregional development among Azapa valley 
populations except studies such as Guillén (1992), Sutter (2000), Rothhammer et al., 
(1981), and Rothhammer and Santoro (2000).
This section of the present investigation seeks to test the earlier findings o f such 
studies as Rothhammer et al. (1981), and determine whether or not distances developed 
for Azapa valley populations can be replicated or if new distances developed can be used 
to answer questions concerning the biological history the valley’s population. Biological 
distances will be created from the measurements identified as being unaffected during the 
preceding analysis. In performing this analysis either Cocilovo’s measurements will be 
used to determine if previous distances can be replicated or new distances will be 
developed from measurements found unaffected during this research. These new 
distances will then be conqwred to distances developed by earlier researchers using 
Cocilovo’s measurement to determine if there are any appreciable differences between 
the two measurement sets. It is hoped that this conqxirison of biodistances calculated 
from the same population using differing measurement sets will either lend support to the 
results of earlier authors or indicate that important aspects of population relationships 
within the valley are being obscured or erroneously created by including measurements 
significantly affected by deformation.
The distances developed during this phase o f  the research will be interpreted by 
comparing them to one of the following models and selecting the one(s) that can best be
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used to explain the relationships existing between Azapa valley populations as suggested 
by calculated biodistances.
MODEL I: Coastal and Inland Continuity (Group Isolation without Gene Flow) 
Given that there are two general areas were archaeological sites have been located in 
the Azapa valley, along the coast and inland along the river valley, the assumption of this 
model is that populations from both areas were not in contact over the course o f their 
7000-year history. Such a case is unlikely but would be reflected by small (non­
significant) biological distances among early to late coastal and inland groups but large 
(significant) distances between coastal and inland groups from all time periods. This 
dictates that variation caused by genetic drift and minimal gene flow acting within these 
populations as the source of distinct coastal and inland populations. Influences from 
populations outside o f the valley could also have influenced distances, but such 
influences would come from coastal or inland populations interacting with the valley’s 
coastal and inland groups.
MODEL 11: Coasted and Inland Interaction (No Isolation, Gene Flow)
This model assumes that over 7000- years the coastal and inland valley populations 
were in constant and continuous contact. The model does not exclude the fact that the two 
areas may have exhibited different cultural traditions or ethnic markers, but suggests 
there was a continual gene flow between the two areas resulting from such practices as 
inter-marriage, bride/groom exchange, and residence patterns. Distances predicted from 
this model would be low and possibly non-significant for each group across all time 
periods. Effects from populations outside of the valley may be shown by cultural 
admixture, but overall little contact would have been made with outside populations. If
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
present these contact would be suggested by an increased distance for the population 
group in contact with an external group.
MODEL III: Early Coastal-Inland Isolation and Late Coastal-Inland Interaction 
with Gene Flow
This model assumes that the early coastal and inland populations of the Azapa valley 
may originate from different sources or remained isolated from each other during early 
period, but over a period of time they eventually began to interact and during later 
periods intermixed enough to be considered a single population. Early coastal and inland 
populations would indicate significantly different distances reflecting this model while 
conqwisons of later coastal and inland groups would indicate reduced and possibly non­
significant distances. Conqiaring early to later coastal or inland populations would show 
an increase in distance as the later populations started to blend into one another. They 
may show increased distances, but should remain non-significant to their earlier ancestral 
populations. Regarding issues o f gene flow and genetic drift, early populations would 
remain distinct without interaction, but later populations could have exchanged genes 
through a variety o f possible routes. Early interactions with external groups could be a 
source for the differences between groups, but during later periods this interaction would 
not affect the admixture and reducing distances between coastal and inland groups.
MODEL IV: Early Coastal-Inland Interaction and Late Coastal-Inland Isolation 
with Gene Flow
This model assumes that valley populations interacted early on, but at some later point, 
diverged to become separate, isolated populations. Ancestor and descendent relationships 
between population would be shown in this model The early coastal and inland groups
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displaying smaller, possibly non-significant distances could represent the original 
founding populations o f the region, but over time with adaptation, and possible external 
interaction and admixture, the coastal and inland groups became separate. Increasing and 
probably significant distances between the later coastal and inland populations would 
signify this change. Additionally, the relationships and distances between the early and 
later coastal and inland populations may show large significant distances.
MODEL V: Ramlom Coastal-Irdand Interactions (Isolation and/or Interaction) 
This model takes a more realistic view of the possible relationships among the Azapa 
valley populations. It suggests possible early interaction or isolation, followed by later 
interaction or isolation between populations o f the coast or inland valley. The overall 
assumption of this model is that no specific patterns are expected between any of the 
valley populations. If no population distance patterns are expected, the appearance of 
patterns suggesting increasing similarity or dissimilarity from one site or time period 
within or across coastal and valley populations may indicate increased gene flow between 
those populations. Such events may also indicate increased interaction and gene flow 
with external g-oups. Therefore influences from external groups may play a more active 
rote in shaping relationships representative of this model.
The model(s) most closely matching the interpretation o f distances developed during 
this research will be compared to previous research examining Azapa valley population 
reWionships. Depending upon the results o f this comparison, past interpretations will 
either be supported, or new patterns will be suggested for use in understanding Azapa 
valley population biological relationshq)s. The models) that survives this analysis could 
then be conqpared to regional models o f population development, movement, and
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interaction to assess their significance in understanding Azapa valley populations and 
wider regional development in the South Central Andes.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
MATERIALS AND METHODS 
Research Sample
Data collection for this research was carried out at the Museo de Antropologia y 
Arqueoiogia o f the Universidad de Tartqiaca (MASMA), Arica, Chile. The research 
sample was composed o f350 crania representing a series of 18 archaeological sites 
located along the coastal (8 sites) and inland (10 sites) regions o f the Azapa valley, 
northern Chile. Figure 2 shows a map of the site locations, while general site information 
is presented in Table 1. Crania were selected for analysis based upon the following 
criteria: 1) crania were conq>lete or nearly complete (no fragmentary crania were used); 
2) all crania were adults over 18 years old; 3) a majority of crania had associated 
mandibles enabling an analysis o f mandibular effects from deformation (201 out of 350); 
4) no crania exhibiting obvious pathologies (fractures or lesions) were used; 5) 
approximately equal numbers of males and females were in the combined sample (151 
males and 199 females). Cultural designations for each site were gathered from the 
Museo’s catalog. Age and sex for each individual were determined using standard cranial 
morphological techniques following Buikstra and Ubelaker (1994) in addition to 
previously recorded information from the Museo’s catalog based on both cranial and 
post-cranial features. To simplify age determinations, individuals were separated into the 
following age categories 18-30,30-40,40-60, and >60. If
46
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Table I : Summary o f  sites used in this study
Site Location Culture M oflndiv. Males Male? Females Female?
MO-l Coast Chinchorro 20 10 10
MO 1-6 Coast Chinchorro 10 6 4
CAM IS Coast Faldas del Morro 3 2 1
CAM ISO Coast Chinchorro 2 1 1
CAM S Coast Gentilar 9 5 4
CAM 9 Coast Inca 12 4 8
PLM 4 Coast D. Regional 35 17 1 17
PLM 7 Coast El Laucho 53 22 27 4
AZ-6 Inland Cabuza 27 12 1 13 1
AZ-8 Inland Gentilar 19 6 13
AZ-14 Inland Alto Ramirez 19 8 1 7 3
AZ-70 Inland Alto Ramirez 16 8 8
AZ-71 Inland Cabuza 46 17 29
AZ-75 Inland San Lorenzo / Alto Ramirez 10 3 6 1
AZ-75D Inland Alto Ramirez Tardio 1 0 1
AZ-75E Inland Alto Ramirez Tardio 1 0 1 0
A Z-II5 Inland Alto Ramirez 7 2 5
AZ-140 Inland Maytas Chiribaya 60 24 36
Total 350 147 4 190 9
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Ramirez SonCerro 
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▲ Coottoi S i t u  #  Inland Sites
Figure 2: M*qt o f Aziqpa valley Archaeological Sites 
(Modified from Sutter, 1997)
inconsistencies emerged between the author and the catalog for the age and sex 
classifications, each questionable individual was separated out for reanalysis. After re- 
evaluation, all crania could be classified into age categories, but some inconsistencies still 
remained for sex determination. Questionable sex individuals were given one o f the 
following designations Male? or Female? Out o f the 350 crania examined this 
discrepancy only resulted in 13(4 Male? and 9 Female?) cases or 3.7% of the total 
sanqile. Given this small number o f questionable individuals, they were later combined 
with the known sex individuals fi)r further analysis. This procedure was similar to that
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Annular
Normal
Anteroposterior (Oblique)
Figure 3: Examples o f Normal and Deformation Crania from the Azapa Valley
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followed by Heathcote (1981). Deformation type was scored visually generally followii^ 
the Dembo and Imbelloni (1938) system, but similar to Rogers (1975) and Anton (1989) 
only three categories were separated out normal/none, annular, and anteroposterior 
deformation. Figure 3 presents examples o f deformation types collected from the Azapa 
valley populations, including an example o f oblique anteroposterior deformation to show 
the range of variability from the erect type shown in Figure 1. Two subtypes of 
anteroposterior deformation were also noted occipital and fronto-occipital. However, 
during analysis both subtypes were combined. Out o f the 350 crania examined 230 or 
65.6% exhibited deformation. One hundred and twenty crania were classified as 
normal/none, 107 displayed annular deformation, and 123 were classified as exhibiting 
anteroposterior deformation (62 occipital, 61 fronto-occipital). Additionally, degree or 
severity of deformation defined as mild, mild to intermediate, intermediate, intermediate 
to severe, or severe was also noted. Although this data was not used in this research it is 
available for future analysis. All data collected was recorded onto a specially designed 
recording form, a copy of which can be found in Appendix 1. The data collected during 
this research can be found in Appendix XII.
One essential question that remained unresolved during the initial phases o f this 
research was the temporal relationships between sites. This led to an extensive review of 
the regional archaeological and dating literature and a culling out of all possible raw and 
calibrated radiocarbon dates for these 18 sites. Once all the possible data was collected, 
sites with raw radiocarbon dates were recalibrated using the Calib 4.2 program of Stuiver 
and Reimer (1993) and Stuvier et al. (1998a,b). The resulting table of recalibrated
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Table 2; Radiocarbon Dates for 15 Sites in Analysis
Site Location Radiocarbon Date Ranges Source Calibrated Date Ranges'
CAM 9 Coastal AD 1410"
AZ-140 Inland AD 1190-450 1 AD 888-1446
AZ-71 Inland AD 2885-490 1 ,2 ,3 AD 997-1437
PLM 4 Coastal AD 1200"
AZ-6 Inland AD 1570-715 3 .4 AD 537-1293
AZ-8 Inland Ca. AD 650-950", 1000-1300" 5 ,6
AZ75/75jy75E Inland 2290 BC-AD 1390 3 ,7 397 BC-AD 660
AZ-14 Inland 2360 BC 8 498 BC
AZ-70 Inland 490 BC"
AZ-115 Inland ca. 550 BC" 9
PLM 7 Coastal 2480 BC 4 ,10 .11 538 BC
CAM 8 Coastal 2685 BC 11 AD 1350", 2685 BC"
CAM 15/15D Coastal 3060-3650 BC 11,12,13 2001-1297 BC
MO 1-6 Coastal 3490-4310 BC 11,14,15 1765-2896 BC
M CI Coastal 3670-7810 BC 11,13,16 1994-6608 BC
(I) Cassman, 1997; (2) Santao, 1980a; (3) Sutter, 1997; (4) Focacci, 1982; (5) Focacci, 1985; (6) 
Personal Conununication Cassman, 2000; (7) MASMA Lab. Rec.; (8) Rivera, 1987; (9) Mufioz, 
1982; (10) Focacci, 1974; (11) Rivera, 1977; (12) Rivera, 1984; (13) Rivera, 1991; (14) 
Aufderheideand Allison, 1994; (15) Focacci and Chacon, 1989; (16) Allison et al., 1984 
'Dates calibrated using CALIB 4.2 Stuvier et al., 1998a,b 
"Site without raw data available for calibration
radiocarbon dates can be located in Appendix II. Since several of the sites under study 
were actually conqwnents of the same site (same time and culture), combinations were 
made to form a new list o f sites as indicated in Table 2. This table siunmarizes the newly 
recalibrated radiocarbon ranges for the resulting 15 sites, beginning with the most recent 
and progressing to the oldest.
A visual representation of these dates is presented in Figure 4. This figure combines 
archaeological reconstructions o f Peruvian and Chilean regional cultural developments, 
and provides a tenq»ral perspective for the sites used in this study. From the preceding 
table and this figure it is clear that the A z ^  valley populations under examination span
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a period o f roughly 7000*8000 years depending upon the dates accepted for the initial 
development o f the Chinchorro culture.
Measurements Used
To assess the efiects of annular and anteroposterior deformation on the crania and face 
of Azapa valley populations, 27 measurements (11 from the vault and cranial base, five 
from the mandible, and 11 from the face) were recorded and analyzed. As suggested by 
Mahalanobis (1949) and Heathcote (1981) no indices were calculated. Included among 
these eleven 6cial measurements were nine of the ten measurements considered 
unaffected by Cocilovo (1973, 1975, and 1978). Table 3 presents the names, craniometric 
points (landmarics), abbreviations, and sources of the 27 measurements. These 
measurements were chosen because they are standard measurements used in population 
and biodistance analyses, and they reflect a broad array of cranial, facial, and mandibular 
morphology (Droessler, 1981 ; Larsen, 1997). Definitions for each of the craniometric 
points (landmarks) and measurements can be found in Appendix 111. Readers are directed 
to the works o f Bass (1994:66-86) and Buikstra and Ubelaker (1994:69-78) for diagrams 
and illustrations o f these craniometric points and measurements. Several o f the 
measurements recorded: orbital breadth, biorbital breadth, and nasal height were 
modifications o f those from Bass (1994) and Buikstra and Ubelaker (1994) employed by 
the author (MPR) during the recording period. The author was uncertain about the 
positioning of the ectoconchion for orbital and biorbital breadth, due to this craniometric 
point’s lack o f a well-defined landmark. Instead the author substituted a  craniometric 
point or landmark called frontomalare anterior, which is defined as the most anteriorly
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Table 3: Measurements used in this Research
M osuronait Craniometric Points /  Abbreviation Source
Maximum Cranial Length G-Op 1
Maximum Cranial Breadth Eu-Eu 1
Basion Bregma Height Ba-B 1
Cranial Base Length Ba-N 1
g  Basion Prosthion Length Ba-Pr 1
S Biauricular Breadth Au Au 1
^  Frontal Chord N B 1
Parietal Chord B-L 1
Occipital Chord L O 1
Foramen Magnum Lengdi B aO 1
Foramen Magnum Breadth FMBred 1
Mandible Height (MF)* Mandible Height (MF)* 1
Z  Mandible Breadth (MF)* Mandible Breadth (MF)' 1
1  Bigonial Width G oO o 1
Z  Bicondylar Breadth Cdl-Cdl 1
Minimum Ramus Breadth Min. Ramus Bred. 1
-Palate (Maxillo-Alveolar) Breadth Ecm-Ecm 1
-Upper Facial Height N-Pr 1
-Upper Facial Breadth Fmt-Fmt 1
Minimum Frontal Breadth Ft-Ft 1
-Nasal Height N-Ns U
a -Nasal Breadth AI-AI 1
-Orbital Breadth' D"Fma u
-Orbital Height Orb. Height 1
Biorbitai Breadth' Fma-Fma 1,2
Interorbital Breadth D-D 1
-B i^ o m a tic  Breadth Zy-Zy 1
~Measuranents considered unafifected by deformation, 'Mental foramen, 
1) Buikstra and Ubelaker, 1994; 2) Modified measurement, MPR 2000
projecting portion o f the frontozygomatic suture (Howells, 1973). To simplify coding 
these new orbital and biorbital breadths were named orbital breadth' and biorbitai 
breadth'. Admittedly this modification skews the relationship between orbital breadth 
and height. The measurement may also include some variation due to irregularities in the 
suture. However, in the author’s personal e^qwrience, the orbital height and breadth 
measurements are variable by nature and this modification only reduced orbital and 
biorbital breadth by a few millimeters. Nasal height was measured as the length from the
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nasion (n) to a point on the midline located between the lowest curve of the left and right 
nasal apertures. However, in some instances the measurement was taken fi'om the tip of 
the nasal spine (nasospinale), but only if the spine was oriented horizontally. This is 
essentially the same measurement, but this modification may impart some variation due 
the measurement not being measurement along a transverse plane, but on an angle.
Originally there were to have been 28 measurement taken, but the palate (maxillo- 
alveolar) length or (pr-alv) was excluded from further analysis, because o f the inherent 
difficulty of obtaining this measurement. Determining the location of alveolon (alv) was 
problematic due the lack of a defined landmark, and the paucity of in situ third molars in 
a majority of the studied cases. Lacking confidence in the accurate measurement 
procedure of the palate (maxillo-alveolar) length, the author decided to exclude this 
measurement from Anther analysis after several days o f data collection. This 
measurement, however, is one considered unaffected by Cocilovo (1973,1975, and 1978) 
and has been used in many biodistance studies. The exclusion of this measurement limits 
the degree to which the results o f this analysis will be applicable to the findings of other 
research. However, since all o f the other measurements considered as unaffected are 
being investigated, it will be assumed that results obtained for the other measurements 
may support or raise questions about the use o f the palate (maxillo-alveolar) length.
All data was collected by the MPR over a course of roughly 3 months during the 
summer o f2000 using standard craniometric instruments and techniques. The 
instruments enq)loyed included a GPM (Swiss) 300 mm spreading caliper with rounded 
ends and a Mhutoyo 150 mm digital sliding caliper with internal blades and data entry 
«qMbility. All measurements were recorded by rounding to either the nearest millimeter
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(spreading calipers) or to the nearest 0.1 nun (digital calipers). For bilateral 
measurements, only left side measurements were used. If the left side was unable to be 
measured due to breakage, erosion, or obstruction, right side measurements were 
substituted. In such cases a notation was made on the recording form indicating the 
substitution. Every attempt was made to collect all possible measurements and minimize 
missing data. In the case o f slight erosion, obstruction, or fusion of sutures, craniometric 
point approximations were performed up to 2 mm. More than this and measurements 
were not taken At the end of each day, data recorded on the collection forms was entered 
in to the computer master sheet in Excel 97. If missing or questionable measurements 
were identified, they were reviewed during the next data collection session to resolve 
conflicts. Differential preservation of cranial features resulted in varying samples sizes 
for many o f the measurements appearing in the following analyses. The most common 
landmarks missing were the nasospinale (ns), prosthion (pr), and dacryon (d), similar to 
the results of Jamison and Zegura (1984).
Measurement Replicability and Error 
One of the most contentious issues regarding the use of metric data of any kind is 
measurement replicability or error within a single (intra-observer error) and between 
multiple observers (inter-observer error). Problems of this kind can be noted with many 
earlier studies o f Azapa valley populations. These studies have used both original and 
previously collected data, however, very little if any detailed information is presented 
concerning this data’s replicability. Readers are left to either accept the validity o f the 
data, or else question conclusions developed from data collected in a non-replicable and
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possibly incomparable manner. Counter to this trend, the present research identified 
measurement replicablilhy as a significant topic for examination during the initial stages 
of research design. Ideally, both an inter-observer and intra-observer analysis would have 
been conducted, but due to time constraints and considering that the author gathered all 
data only an intra-observer analysis was performed. Following measurement of the initial 
350 crania, usii% Buikstra and Ubelaker (1994) guidelines, a subset of 51 (25 males and 
26 females) randomly selected individuals or 14.6% of the original data set were 
measured a second time to conduct the intra-observer analysis. This data is located in 
Appendix XI. The time lapse between the initial and secondary measurement periods 
varied from one week to one month. Through error analysis, those measurements, 
expressing a high degree of error can be identified and removed from further analysis to 
exclude potential sources o f error. The choice to include or exclude such measurements, 
however, is generally based upon an arbitrary decision made by the researcher. The 
uhimate creation of a trahlist representing measurements with low intra-observer and 
inter-observer error, which are unaffected by deformation would be of great utility to 
subsequent analyses of populations possessing deformation. The intra-observer analysis 
results are presented in Table 4.
Several inqwrtant studies discussing the analysis o f inter-observer and intra-observer 
error have speared in the literature over the past several decades including: Droessler 
(1981), Heathcote (1981), Jamison and Zegura (1974), Moho (1979), Page (1976), 
Utermohle and Zegura (1982) Utermohle et al. (1983) and sections o f Buikstra and 
Ubelaker (1994:184-184) and White and FoDcens (2000:305). The principal results from
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these studies and reviews indicate that measurement error can effectively distort the 
interpretation o f biometric analyses and biological relationships between populations.
Additionally, these authors have been able to identify two aspects of any 
measurement. The first aspect relates to the accuracy of the measurement. This is the 
closeness o f a measurement or computed value to the "true" value under observation 
(Rohlf and Sokal, 1969). Researchers can not replicate the "true” value, and instead 
measurements are derived from metrical estimations of continuous traits not direct 
readings o f "true" values (Jamison and Zegura, 1974; Heathcote, 1981). The second 
aspect is the precision of repeated measurements to the same quantity (Jamison and 
Zegura, 1974; Heathcote, 1981; Utermohle and Zegura, 1982). Researchers can be 
consistent and reproduce values while recording measurements. Precision is important in 
craniometry because if research results are unable to be reproduced, all higher level 
analyses and interpretations developed from such measurements wUl suffer from inherent 
errors (Heathcote, 1981).
Error in measurement precision is o f primary importance in determining the 
replicability o f data. Measurement precision error is also separable into two conqx>nents. 
The first component is random error induced into the mean of measurements which 
remains unaffected by the variation created when researchers independently take the 
same measurement. The second component is systematic error in which measurement 
means vary due to dififerences in the technique or landmarks used by a researcher when 
observing the same measurement either positively or negatively.
A variety o f methods have been suggested to assess measurement error in osteologkal 
contexts. Utermohle and Zegura (1982) and Utermohle et aL (1983) tested the following
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precision estimators: mean differeiKe, mean absolute difference, method error statistic, 
two-way ANOVA without replication, t-test for paired comparisons, Fisher’s distribution 
free sign test, percentage agreement, and coefficient of variation to assess both intra- 
observer and inter-observer error. They suggest there are three important aspects to 
understand in regards to error, its frequency, magnitude, and direction. Frequency of error 
relates the correspondence or non-correspondence of one set of measurements to another. 
Magnitude o f error is associated with how much larger or smaller one set of 
measurements is when conqnred to another. Error direction relates to the positive or 
negative association between one measurement set and another. At the end of this article 
the authors suggest the following precision estimators as best able to identify the 
frequency, multitude, and direction of error: percentage agreement; mean absolute 
difference; and Fisher’s non-parametric sign test.
Heathcote (1981) however, uses one-way ANOVA’s and Pearson’s r to analyze 
measurement error. Heathcote uses ANOVA because the test assesses the ratio of 
variance between different groups or measurement sets. The test is called an analysis of 
variance, but is in actuality a means test. Inter-group differences in the means affect the 
resulting F-values or F-statistics more than variations within each group (Heathcote, 
1981). Thus higher F-values indicate large differences between groups, while a smaller F- 
values indicate more similarity between groups. F-values measure the direction of 
measurement error but can not discern whether h is positive or negative. Pearson’s r are 
chosen to measurement the relationship between the measurements themselves 
(Heathcote, 1981; Jamison and Zegura, 1974). This test provides a measurement of the 
magnitude o f random errors between measurements. High r-values indicate less random
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errors, while lower r-vahies suggest greater random errors. Combining the results of these 
two tests produces the following combinations assessing measurement error: 1) high r- 
values and high F-values indicate reproducible measurements or measurements that 
varied in systematic &shk>n (either high or low); 2) high revalues and low F-values 
indicate essentially same results across trial runs (high replicability); 3) low r-values and 
low F-values indicate randomly varying measurement values that essentially cancel each 
other out; 4) low r-values and high F-values indicate random but directed imprecision 
where one direction exceeds the other. This results in a significant skewing of the 
measurement means. The general results o f Heathcote’s research indicate that there is 
difficulty in measuring the palate (maxillo-alveolar) length, orbital height, orbital 
breadth', nasion-prosthion height, and three other measurements. The high error 
associated with these measurements can be associated to the landmark ambiguity, lack of 
landmark definition, measurement difficulty, or estimation errors due to bone breakage or 
remodeling.
To conduct the analysis o f measurement replicablility for the 27 measurements used in 
this study, the following precision estimators were chosen: paired sample t-tests with 
associated Pearson’s r and one-way ANOVA following (Heathcote, 1981), mean 
difference, method error statistic, coefficient o f variation (Thomas, 1986), and percentage 
agreement following Utennohle et aL (1983) and Utermohle and Zegura (1982). Readers 
are directed to the works of these authors for equations and more detailed information on 
the use o f each precision estimator. Generally, these precision tests were chosen for their 
ease o f use, and their ability to address Utermohle et al.’s (1983) fiequency, magnitude, 
and direction of measurement error. The results o f this analysis are presented in Table 4.
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# o f Paired Sample t-Test One-way ANOVA Mean Diff. Method Coeff. of %ivicasureinenis Indiv. t-stat. P-value Pearson's r F-stat. P-value Measure Error Stat. Var. Agree.
Max. Cranial Length 51 0.763 0.44S 0.984b O.OlOb 0.920 0.157 1.034 0.600 0.490
Max. Cranial Breadth SO -2.91 S O.OOS* 0.977a 0.198a 0.6S7 0.476 0.875 0.642 0.460
Basion Bregma Height SI -1.073 0.288 0.96b 0.046b 0.830 0.278 1.131 0.973 0.607
Cranial Base Length SO -2.301 0.026 0.949a 0.267a 0.606 0.490 1.120 I.IS 3 0.490
Basion-Prosthion Length 49 -1.789 0.080 0.981b 0.062b 0.803 0.245 0.693 0.706 0.469
1 Biauricular Breadth SI I.87S 0.067 0.999b O.OOSb 0.94S -0.069 0.190 0.156 0.157
Frontal Chord SI -0.022 0.983 0.993b 0.000b 0.999 0.003 0.579 0.521 0.098
Parietal Chord SO -0.911 0.367 0.990b 0.009b 0.926 0.123 0.676 0.664 0.140
Occipital Chord 49 1.920 0.061 0.998b 0.007b 0.931 -0.128 0.340 0.338 0.184
Foramen Magnum Length SO -0.720 0.47S 0.977b 0.012b 0.912 O.OSO 0.342 1.001 0.220
Foramen Magnum Breadth 49 -2.932 O.OOS* 0.983a O.IS7a 0.693 0.163 0.296 i.oei 0.163
Mandibular Body Height (MF) 29 -0.908 0.372 0.941b 0.049b 0.826 0.138 0.556 1.742 0.138
.1 Mandibular Body Width (MF) 30 3.301 0.002* 0.9S4a O.SI6a 0.47S -0.247 0.334 2.761 0.068
1 Bigonial Width 30 0.135 0.894 0.994b 0.000b 0.992 -0.020 0.557 0.573 0.167
1 Bicondylar Breadth 30 0.886 0.383 I.OOOb 0.000b 0.990 -0.024 0.106 0.089 0.233
Minimum Ramus Breadth 32 1.882 0.070 0.99Sb 0.018b 0.89S -0.099 0.216 0.622 0.290
Maxillo-Alveolar Breadth 39 1.637 O.S38 0.970b 0.081b 0.777 -0.213 0.574 0.929 0.180
Upper Facial Height 49 -I.6S8 0.104 0.994b 0.018b 0895 0.132 0.401 0.577 0.163
Upper Facial Breadth SI -0.906 0.369 0.986b 0.01 lb 0.914 0.091 0.506 0.492 0.059
Min. Frontal Breadth SI 3.146 0.003* 0.987a O.I3Sa 0.713 -0.388 0.675 0.770 0.078
Nasal Height SI 0.176 0.861 0.854c O.OOSc 0.946 -0.044 1.244 2.S03 0.098
Nasal Brerrdth SO 1.046 0.301 0.973b 0.031b 0.860 -0.053 0.255 1.042 0.120
u>
Orbital Breadth' SI 1.263 0.212 0.84 Id 0.2S4d 0.6IS -0.155 0.622 1.636 0.039
Orbital Height 51 0.7S7 0.4S3 0.861c 0.080c 0.777 -0.106 0.705 1.986 0.137
Biorbital Breadth' 51 0.619 0.S38 0.979b 0.008b 0.929 -0.065 0.527 0.549 0.078
Interorbital Breadth SO 2.610 0.012* 0.90Sa 0.698a 0.406 -0.365 0.740 3.469 0.040
Bir^gomatic Breadth 50 -I.42S 0.160 0.997b 0.006b 0.941 0.100 0.354 0.266 0.640
^Significant values at P < 0.01 level, 
c | Low r value, Low F-value, d) Low
Average 0.963 0.0990 0.017 0.462 1.028
BoM = generally high precision values, a) High r-value, High F-value, b) High r value, Ivow F-value, 
r value. Low F-value
0.222
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Paired sample t-test and Pearson’s r 
Paired sample t-test results indicated that only five o f the 27 measurements can be 
identified as significantly different at the P < 0.01 level. These measurements included 
maximum cranial breadth, foramen magnum breadth, mandibular body width, minimum 
frontal breadth, and interorbital breadth. The Pearson’s r-values for each of these 
measurements, however, indicated very high correlations above 0.90, with most above 
0.9S. The smallest value o f0.905 is associated with the interorbital breadth. Only three of 
the remaining 22 measurements fell below an r-value o f 0.90: nasal height at 0.85; orbital 
breadth' at 0.84; and orbital height at 0.86. The remaining measurements exceeded r- 
values o f 0.90 with 21 possessing r-values greater than 0.95. Summarizing these results 
one can state that although several of these measurement can not be considered as coming 
from the same sample, the Pearson’s r values for most of the measurements indicated a 
very high value correspondence between the first and second measurement sets.
One-wav ANOVA
Turning to the ANOVA results, no significant differences were observed between any 
of the measurements. Next, the system of Heathcote (1981) as detailed above was used to 
conq)are r values from the paired sample t-tests and F-values from the ANOVA.
Arbitrary cutting points were selected for high values foiling above and low values foiling 
below 0.90 for r-values and 0.10 for F-values. Eighteen of the 27 measurements 
displayed high r values and low F-values, indicating a tow degree o f random and 
directional error for these measurements. Each o f these 18 measurements can be 
considered as highly replicable. Six o f the nine remaining measurements diq*layed both
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high r- and F-values, denoting either measurements that vary in a systematic fashion, or 
that which are measurements are generally reproducible. Two of the remaining three 
measurements nasal height and orbital breadth' exhibited low r-values and F-values. 
These results suggested that these two measurements vary randomly and possibly cancel 
each other out. The final measurement orbital breadth' displayed both low r- and F- 
values, indicating this measurement possessed directional error. The mean difference for 
the orbital breadth' indicated the directionality o f the measurements gathered for the 
second run are generally smaller by a tenth of millimeter than those obtained during the 
first run. The average r-value and F-value across all measurements of 0.96 and 0.09 
respectively suggested that on average low error and high replicablility across these 27 
measurements.
Mean Difference
Mean differences between the first and second measurement runs indicated 13 of the 
measurements increased while 14 measurements decreased. Thus across all 
measurements no one direction was fovored, suggesting that there was little directionality 
to the first and second measurement sets. Arbitrarily selecting 0.30 nun as a cutting point 
for these values, four measurements fell above this value with 0.49 mm for the cranial 
base length, 0.47 mm for the maximum cranial breadth, 0.40 mm for the interorbital 
breadth, and 0.38 mm for minimum frontal breadth. All measurements manifested mean 
differences less than half a millimeter, st%gesting minor tqipreciable differences between 
the original and second measurement periods. The average mean difference across all 
measurements further supported this assertion displaying a value o f only 0.017 mm.
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Method Error Statistic 
Examination of the method error statistic showed only four measurements with 
maximum values greater than 1 mm. This value was selected as an arbitrary cutting point 
for high and low values. The measurements displaying the highest values starting from 
the largest and progressing to the smallest were nasal height at 1.24 mm, basion-bregma 
height at 1.13 mm, cranial base length at 1.12, and maximum cranial ler%th at 1.03 nun. 
The remaining 23 measurements possess error statistics ranging from a low of 0.10 mm 
with the bicondylar breadth to a high of 0.87 mm with the maximum cranial breadth. 
These results suggested minor errors in the methods used, with a maximum of around 
only 1.00 nun. This value is less than the generally accepted value of 2 mm indicating 
once again that there is very little difference between the first and second measurement 
sets. The average method error statistic o f 0.46 mm again supported this assertion.
Coefficient o f Variation 
The coefficient of variation, is a dimensionless measure that expresses sample 
variability as a percentage independent of sample size. Results of this analysis indicated 
some measurements possess relatively large values, yet overall CV values are generally 
very small. The largest values are associated with the biorbital breadth' at 3.46, followed 
by the mandibular body width at 2.76 and nasal breadth with 2.50. Seventeen of the 
measurements possessed coefficients o f variation below one, while seven values fell 
between one and two, and as stated above only three measurements have values greater 
than two. The average coefficient o f variation across all measurements of 1.02 shows 
little tqppreciable difference between the first and second measurement sets suggesting a 
low level o f error across these 27 measurements.
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Percentage Agreement 
The final precision estimator examined was percentage agreement. The values 
generated by this statistic essentially indicated the number of measurements collected 
during the first measurement run that agree with those taken during the second run. It 
basically distinguishes the equivalence of measurements or the frequency of error as 
st^gested by Utermohle et al. (1983). Higher levels of agreement suggested a low 
frequency o f errors, while lower levels of agreement show a higher frequency of errors. 
The results of this analysis indicated a larger degree o f variability between measurement 
sets. The highest values only range between 64% with the bizygomatic breadth to a low 
value of 4% with the interorbital breadth, and orbital breadth'. The average percentage 
agreement echoes these results and showed that across the 27 measurement only 22% of 
the first and second measurements were perfect matches. This wide degree o f variability 
suggested high a level o f frequency errors across the measurements. This characterizes 
the author’s inability to replicate measurements perfectly. However, since many of the 
measurements were taken using the digital calipers, the variability o f rounding to the 
nearest. 1 nun could explain much of this apparent imprecision.
Based upon the results o f the measurement error analysis, the author can state with 
certainty that the measurement techniques used in this research were replicable and the 
measurements observed can be considered consistent. The level o f error present was 
mostly random and non-directional. This is the desired type of error because non-random 
directional error is associated with varying measurement technique. Some reservations 
should be noted in regards to the use o f nasal height and orbital breadth'. These were the 
two measurements that exhibited the largest degree of error out o f all 27 measurements.
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If any measurements could be removed from further analysis, these would be the two. 
Although when conquired to the other 25 measurements these two measurements were 
most prone to enor, they were still replicable. Also these two measurements were ones 
considered unaffected by deformation in Cocilovo (1973, 1975, and 1978). Given that 
they were replicable, and were two of measurements requiring investigation, the author 
decided to include them in the following statistical analysis.
Similar to the findings o f Heathcote (1981), nasal height and orbital width' were 
demarcated as having the highest levels o f error. Seemingly measurements that have the 
largest errors were those with generally undefined craniometric landmarks or were hard 
to measure, while those measurements with well-defined landmarks exhibit lower 
degrees of error and a consequently higher degree of precision. Reasons for the 
surprisingly high error values associated with the orbital breadth' and nasal height may 
be linked to the ill-defined landmarics for dacryon and ectochoncion and the often eroded 
or broken nasal spine. Errors associated with these measurements can also be related to 
the author’s desire to gather all possible data, leading to the estimation of craniometric 
points affected by postmortem breakage or obstruction. A final possible reason, could be 
the modification of measurement technique between the first and second measurement 
sessions. This may have been a possibility for the first 10 to 20 crania measured. The 
largest errors were observed when the data collected during the early part of the first 
measurement session were compared to those gathered during the second later session. 
This is reasonable because the author progressed through a period of acclimatization 
during which the author was more cautious or more ambitious in collecting 
measurements over the course of recording sessions. Following this period of
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acclimatization, the author settled into a more consistent and replicable measurement 
acquisition technique.
Statistical Tests: Effects of Deformation 
To assess the relationships existing between each of the 27 measurements and cranial 
deformation, descriptive statistics were computed using both Excel 97: Data Analysis 
Tools, and SPSS 8.0. Initially the master data set was separated into normal annular, and 
anteroposterior groups, however, the data was further separated in the three following 
measurement subsets: vault, mandible, and foce. Measurements were grouped in this 
manner to examine regional cranial variability. The data was then further sorted into the 
following categories: grouped (males and females), males, and females. Normally, the 
sexes would remain separate throughout analyses, so variations imparted by sexual 
dimorphism do not become obscured. However, some researchers including Cocilovo et 
al. (1990), Dhtmar (1996), Guillén (1992), Rivera and Rothhammer (1986,1991) 
Rothhammer (1986,1994) and Rothhanuner et al. (1983, 1984) have used pooled sex 
data due to small sample sizes. In some studies, these authors have even suggested that 
sexual dimorphism was not a significant source o f variation for particular measurements. 
An explanation of each method used follows. Discussions o f the results obtained are 
presented in Cluqrter 3.
Descriptive Statistics 
Descriptive statistics calculated include: means, standard deviations, variances, 
standard errors, coefficient o f  variations, 95% confidence intervals, maximums, 
minimums, and ranges. The resulting descriptive statistics can be found in Tables 5-13:
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Appendix IV. Each of these statistics are commonly used and easily calculated except 
standard error and coefficient o f variation. Standard error examines the distribution that 
would exist if all possible samples could be studied (Levin and Fox, 1994). This statistic 
is a ratio o f the sample standard deviation to the square root of the sample size and is 
calculated using the following formula:
Sx = o _
viw"
Where:
Sx = standard error 
a  = sample standard deviation 
n = sample size
The coefficient o f variation is a percentage value that makes differing quantities within 
the same category (metric or non-metric) comparable, expressing variability 
independently o f mean size (Thomas, 1986). The coefficient o f variation is calculated 
according to the following formula:
CV = 100xS 
M
Where:
CV = coefficient of variation 
S = sanq>le standard deviation 
M = sanq>le mean
To visually interpret the descrÿtive statistic results, a series o f bar charts (histograms) 
were created that show normal annular, and anteroposterior groups separated into
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
69
grouped, male, and female means for each measurement. These Figures 5-31 can be 
found in Appendix IV.
Normality Tests
One assiunption made by many statistical tests is that the data under analysis are 
randomly drawn from a population exhibiting a normal distribution and equal variances. 
Thus prior to conducting further detailed statistical analyses, a test of normality was 
conducted on the sample data employing the Kolmogorov-Smirnov and Shapiro-Wilk’s 
tests using SPSS 8.0. If the significance values o f these tests are small or plotted values 
fall far from the expected probability line, the assumption of normality can be doubted 
(Norüsis, 1998). If tests return large and significant values, or plotted values fall near to 
the expected probability line, you have less reason to doubt the assumption of normality 
for a given data set. Test results are presented in Tables 14-16: Appendix V, but Q-Q 
probability plots (also produced) were not included. Normality tests indicate that the null 
hypothesis that the data is normally distributed can be rejected in most cases. Outliers are 
detectable from in the probability plots, but extreme values do not appear to significantly 
affect test results.
Male vs. Female Independent samples t-test 
Having established the data’s normality, a series o f more rigorous statistical tests were 
performed. The first of these tests was an independent sanqxles t-test of the male and 
female data from the normal, annular, and anteroposterior groups. This test was 
conducted to determine if significant sexual dimorphism was present among the 
populations o f the Azapa valley. The assumptions of this tests are: 1) the two sanq>les 
must be unrelated; 2) the samples must have a normal distribution; and 3) the sample
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sizes need to be large enough to allow for compensation of non-normality. Readers are 
referred to NoruSis (1998) for formulae and additional descriptions. Separate normal, 
annular and anteroposterior groups were analyzed to not obscure differences, which may 
be caused by deformation type. Each t-test was conducted twice. The first test assumed 
equal variances between groups, while the second test did not assuming equal variances 
between groups. Also an additional Levene’s test for homogeneity o f variances was 
performed as part of the t-tests. Measurements identified as having unequal variances 
would then have t-statistics and P-values for assumed equal and possible unequal 
variances. The resulting t-statistics and P-values from these tests are presented in Tables 
17-19: Appendix V.
One-wav ANOVA
The first test specifically assessing the cranial effects of deformation was an ANOVA 
performed on the 27 measurements for the following groups: normal; annular; and 
anteroposterior crania. During this analysis, sexual differences were overlooked to 
determine the general effects o f annular and anteroposterior deformation on each of the 
27 measurements. Three assumptions of the ANOVA include: 1) samples must be 
independent and random; 2) populations should be normally distributed; and 3) 
population variances should be equal. An ANOVA conqnres the variation among sample 
means to the variation within samples testing the null hypothesis o f no significant 
differences between groups. If groiq> means differ significantly, the resulting F-statistks 
will be large, and the null hypothesis can be rejected. If group means do not significantly 
differ, the resulting F-statistks will be smaller, and the null hypothesis can not be 
rejected. Readers are directed to NoniSis (1998) for formulae and further explanations of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
71
the ANOVA analysis. Resulting F-statistks and P-values are presented in Table 20; 
Appendix VI. A supplementary analysis performed as part of the ANOVA, was a 
Levene’s test for homogeneity o f variances. The resulting F-statistks and P-values are 
also presented in Table 20. The final test performed as part of the ANOVA. was a 
multiple comparison analysis.
Measurements identified as being significantly different by ANOVA, do not indicate 
whether the difference is present across all or just some of the measurements being 
conqyared, yet researchers sometimes want and need to identify where differences or 
similarities are located (NoniSis, 1998). Multiple comparison analysis provides these 
answers. For this research, the Benferroni procedure, which adjusts observed significance 
levels by multiplying the significance level by the number of comparisons performed was 
the type of muhiple comparison conducted (NoruSis, 1998). The subsequent P-values can 
be found in Table 21; Appendix VI.
Discriminant Function Analvsis 
The veracity of the measurements identified as affected and unaffected by deformation 
from the previous analyses was investigated using discriminant function analysis. This 
test was used to determine if a series of prearranged groups had significantly different 
means. Differences classified through discriminant functions were derived from linear 
combinations o f variables. Essentially within group variation was minimized while 
between group variation was maximized. A structure matrix table created during the 
analysis identified the largest absolute correlations across variables and then used these 
correlations to develop discriminant functions. Examining these tables allows a 
researcher to determine which measurement loaded more on a specific function.
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Individual measurement loading tendencies allow discriminant functions to be described. 
Another test performed as part of the discriminant function analysis was a classification 
test. The resulting figure and table displayed how accurately the discriminant fonctions 
were able distinguish between the groups under analysis. An effective discriminant 
function analysis displays classification tables with high percentages of correct 
classifications, low percentages of incorrect classifications, and a figure exhibiting 
separated group clusters and centroids. Less effective discriminant function analysis 
results in low percentages o f correct classifications, high percentages incorrect 
classifications, and figures displaying without defined clusters and closely packed group 
centroids. Readers are directed to NoruAis (1998) for more detailed information on the 
assumptions, formulae, and use of discriminant function analysis.
The first discriminant function analysis conducted examined the measurements 
identified as significantly affected by deformation, to see how well they differentiated 
normal annular, and anteroposterior crania. A second test examined measurements 
unaffected by deformation and their ability at not differentiating normal annular, and 
anteroposterior crania. The assumption behind this test was that unaffected measurements 
should result in high misclassification percentages. Results of this type would indicate 
that the unaffected measurements were unable to be used in differentiating between 
deformed and non-deformed crania, suggesting that all individuals come from a single 
homogenous population independent o f deformation type. This in turn would support the 
use o f these measurements in populations that included deformed individuals. Structure 
Matrices and Classification Tables 22-25 and Figures 32-35 are presented in Appendix 
VII.
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The ANOVA, Bonferroni muhiple conpurison, and the discriminant friction analysis 
are the primary methods through which the effects o f deformation on the face and 
neurocranium were examined. Following these tests, the measurements identified as 
being unaffected by deformation, either those supporting Cocilovo (1973, 1975, and 
1978) or new measurements identified during this analysis were used in the construction 
o f biological relationships between the sites and cultural groups o f the Azapa valley. 
Based on the resuhs of the earlier analysis, this reconstruction attenqited replicate the 
Rothhammer et al. (1981) distances using Cocilovo’s (1973, 1975, and 1978) 
measurements or conpued them to distances produced using measurements identified as 
unaffected during this analysis. If distances between these two measurement sets were 
comparable, the work of Cocilovo, Rothhammer, and other authors would be supported, 
but if distances were divergent, then questions must be raised concerning the use of 
effected measurement to reconstruct biological relationships.
Biodistance Calculation and Analysis 
Biological relationships among the Azapa valley population were reconstructed using 
the measurements found to be unaffected by deformation during the preceding analyses. 
These measurements were either those o f Cocilovo (1973, 1975, and 1978) or the new 
measurements identified as the analysis progressed. Conqiuted generalized distances 
basically compare the magnitude o f divergence between pairs of groups (Mahalanobis, 
1949). Distances are usually constructed with eight to ten measurements and not indices, 
but more two or more measurement must be used. Measurements chosen for analysis 
need to show high levels of inter-variable discrimination and low inter-variable
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correlation. Large sample sizes are preferred, but 20 individuals is the general minimum 
number to be used in constructing distances. The author (MPR) decided to use two 
techniques for reconstructing biological relationships among the Azapa valley 
populations Penrose modified (mD^) and Mahalanobis generalized distances. The 
reason for using two methods related to the author’s desire to understand whether 
Penrose distances compared fovorably to Mahalanobis distances as suggested by Penrose 
(1954). If comparisons are favorable, the Penrose technique can be supported as a simple 
alternative to the more complex Mahalanobis distances in determining biological 
relationships between the populations o f the Azapa valley.
Mahalanobis Distances 
The most common method used to develop biological distances among Azapa valley 
populations are the D  ^generalized distances of Mahalanobis. Mahalanobis first created 
this method in 1930, further developing the technique in 1936, 1939,1941, and 1949. 
Key features of the method include: 1) the use of more than one variable; 2) the 
adjustment or standardization o f variables to account for scale differences; and 3) the 
consideration o f inter-correlation between variables (Mahalanobis, 1949). Assumptions 
of the method include: 1) a normal distribution; 2) homogenous variances; and 3) similar 
correlations between all variables. The formulae devised by Mahalanobis et al. (1949) is:
D^  = 22Wjdidj
y - i
Where:
I  = summation
w^ = matrix inverse o f covariance matrix between traits 
i = first population being compared
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j = second population being compared
d = difference in mean values between populations with respect to each trait used 
p = number o f characters used in the analysis
Since the discriminant coefficient is given by Ij = I  dj w*^  for any trait, the difference 
in each trait between populations is multiplied by the appropriate item in the inverse 
covariance matrix o f the variables under analysis. The sum of products is the discriminant 
fonction, the value o f the trait in differentiating between populations. The difference in 
each trait is then multiplied by its discriminant coefficient, and the sum of these products 
is the ly  (PoUhzer, 1999).
Rothhammer and Rivera (1991), however, define Mahalanobis distances using the 
following formula similar to but different from Mahalanobis’s formulae:
D ^ - d t s ^ ' d
Where:
d = difference between the means of two populations 
s^  = estimated total variance o f two samples 
dt = transposition o f d 
s^  ' = inverse o f s^
Thus Mahalanobis distances equal the multiplication o f the tranqyosed matrix of 
differences between a pair of groups from their centroids across a series o f variables by 
the inverse o f the covariance matrix between those variables. The resulting values are 
then multiplied by the untranqxysed differences between a pair o f groups across a series 
of variables fitym their centroids. The resulting value is the distance between two groups.
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Droessler (1981) cakulates Mahalanobis generalized distances differently from the
previous authors. Droessler’s method uses canonical discriminant function coefficients.
These coefficients are created during discriminant function analysis in SPSS. Initially,
coefficients for each function are calculated for the means of all variables on each group.
Using the mean values essentially positions the centroid of each group within
multidimensional space. Next, the coefficient values for each group pair are subtracted.
The resultant values are the differences between group pairs for each fonction and
variables. Then, the differences are squared and summed across all functions creating
Mahalanobis distances. The statistical significance of these values are evaluated using
an F-ratk) calculated according the following formula:
F = T - g - p +  1 X N|N; X
P ( N i + N 2 ) ( T - g )
This F-value has (p) = numerator a n d ( T - g - p + l )  = denominator degrees o f freedom.
Where:
T = total number o f crania in sample 
g = number of groups 
p = number of variables
N, and Nz = sample sizes o f groups being compared
Rightmire (1969) states that the calculation o f Mahalanobis distances has received a 
bad reputation for being difficult to enqyloy, but its advantages such as accounting for 
intra group correlations and apparent insensitivity to variations in sample size 
conqyensate for any “extra” time spent calculating this statistic. Yet, Rahman (1962) 
stated that the exact numerical calculation o f D^, which takes into account the different 
variate inter-correlations and matrix inversion, becomes increasingly laborious as a  la^er
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number of variables is used, and the amount of work involved is not, in general 
commensurate with the increased accuracy thus obtained. Today with computer 
assistance values are easier to conqyute, but if researchers are unable to replicate the
methods of others, results become increasingly difficult to support.
This was the case for the present author. Unable to decipher the manner in which 
many researchers obtained their Mahalanobis distances from the preceding formulae, the 
author was forced to work out values in the step by step manner, proposed by 
Rightmire (1969). This method was itself based off the original equation defined by 
Mahalanobis in 1930, but the method was develop by Rao in 1948. Rao (1948) stated that 
the following equation:
D^  = ZZw'^didj
U=l
was not useful in practice because the calculation o f the inverse matrix and further 
conqyutation o f the quadratic form became extremely time consuming when the number 
of characters was greater than four or five. However, Rao stated that a more simplified 
method for the calculation of could be used that constructed transformed characters, 
which were uncorrelated to one another. From these uncorrelated character values can 
simply be calculated by finding the sum o f squares. A detailed explanation of steps 
performed in the Rightmire method and an exanqyle using this method is presented in 
Appendix VIII. Mahalanobis distances and associated Chi-squared significance values 
are presented on Tables 26-31 : Appendix IX.
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Penrose Distances
The second method used to reconstruct biological distances among the Azapa valley 
populations was the Penrose modified D  ^(mD^) generalized distance from Penrose 
(1954). This distance statistic was developed from the earlier Coefficient of Racial 
Likeness (C.R.L.) introduced by Pearson in 1926. Noticing that Mahalanobis distances 
required nearly perfect data and rather involved computations, Penrose felt that a simpler 
more viable distance statistic was needed. Also the D  ^is only theoretically justified when 
the variances in all groups studied are the same for each variable and the correlations 
between characters are constant for all pairs o f groups (Penrose, 1954).
One problem or weakness inherent in the Penrose distance calculation was that it did 
not take into account the inter-correlation between variables. This was a remnant from the 
C.R.L. upon which mD  ^was based (Penrose, 1954; Rothhammer et al., 1981). However, 
Penrose showed in a study comparing the results of Mahalanobis D  ^distances and his 
modified D  ^distances a very high correlation qyproaching 0.96 in one example and 0.99 
in another. Penrose concluded that populations with wide differences in standard 
deviations, the agreement between D  ^and mD^ values would be high. However, for 
populations where there were only slight differences, the loss of information caused by 
overlooking the intercorrelations between measurements would probably be somewhat 
more noticeable. Granting that there are problems, Penrose mD  ^distances were also 
calculated for Azapa valley populations. Further discussion and an example Penrose 
distance calculation are presented in Appendix VII. Calculated Penrose distances and 
Chi-squared values are presented in Tables 26-31: Appendix IX.
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Generalized Distance Significance 
An additional test performed on the resulting distances was a determination of their 
statistical significance. Rahman (1962) and Rightmire (1969) noted that Penrose and 
Mahalanobis distances distributions approximate the Chi squared (x^) distribution 
calculated by the following formula:
(niUj/ni+nz) D  ^or mD^
This value has p degrees o f freedom (df).
Where:
m = sanqyle size of first group 
n% = sample size o f second group 
p = number o f variables under study 
Many previous authors have only presented raw generalized distances without significant 
values, but this makes the interpretation of biological relationships difficult if not 
impossible. The significance values calculated during this analysis aided the comparison 
of distances within and across measurement sets and distance techniques. Further the 
calculated distances and associated significance values assisted in determining which one 
of the previous five models can be used to interpret the evolution and change of Azqya 
valley cultures and populations.
Pearson’s correlation o f Mahalanobis and Penrose distances 
Once Mahalanobis and Penrose distances were calculated, they were compared using 
Pearson’s r correlation coefficients. Readers are directed to Thomas (1986) for the 
Pearson’s correlation coefficient formulae and additional discussion of this technique. 
Essentially if r-values were close to one, a strong correlation was suggested (Thomas,
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1986). When r-values were closer to zero then correlation was lacking. Yet, when r- 
values near 0.5, assessing relationships becomes more difficult. To evaluate such cases 
significant values o f r at the P < 0.05 and 0.01 levels with n-2 degrees of freedom must be 
determined. The table used can be found in Levin and Fox (1994; 478) or Thomas 
(1986:508). Table 32: Appendix IX presents the results of this analysis.
Generalized Distance Cluster Analvsis 
Ultimately, a cluster analysis was conducted upon the resulting distance matrices to 
further aid in understanding the relationships, which existed between Azapa valley 
groups (Sutter, 2000). NoruSis (1998) described cluster analysis as a procedure that 
attenqyts to identify relatively homogeneous groups from selected characteristics. Cluster 
analysis does not require prior knowledge of group membership or the number of cluster 
to be produced. Specifically, hierarchical clustering was the method chosen in this 
analysis. Hierarchical clustering starts by locating the closest pair of sites and then uses 
an algorithm that continues clustering sites one step at a time until all sites have been 
clustered. In hierarchical clustering the clusters formed in earlier stages remain set and 
are included in later clusters. Squared Euclidean distances were used to form the groups. 
This distance measure the squared distances over all groups in order determine their 
linking order. The average linking method was used to develop linkages between groups 
at each stage in the cluster analysis. The resulting dendrograms are presented in Figures 
36-41 : Appendix X. Readers are directed to the SPSS 8.0 Application guide (1998) and 
NoruSis (1998) for further descrÿtion and a more detailed discussion o f cluster analysis.
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RESULTS AND DISCUSSION 
Descriptive Statistics 
Vault Measurements
Examining the descriptive statistics for grouped, male, and female vault data in Tables
5,8, and 11 and Figures S-IS: Appendix IV two general trends appear. First, length 
measurements: maximum cranial length; frontal chord; and the occipital chord are 
longest for annular deformations, while normal individuals display middle values, while 
the shortest lengths are found among anteroposterior deformations. These measurements 
reflect the A-P vault elongation associated with annular deformation and vault A-P 
constriction of anteroposterior deformation. Second, width measurements: maximum 
cranial and biauricular breadths are largest among anteroposteriorly deformed crania, 
then normal crania with middle values, and annular deformations with the shortest values. 
These measurements show the lateral expansion associated with anteroposterior 
deformation, and the lateral constriction o f annular deformation. Taken together these 
two findings support the expectations o f the types o f  cranial effects that result from these 
two types of deformation.
The only normal cranial measurement that exhibits values greater than both annular 
and anteroposterior deformation for grouped, male, and female data is the parietal chord 
Figure 12: ^ypendix IV. This finding suggests that during the deformation procedure
81
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there is a general constriction or reduction of the sagittal suture length. This constriction 
only slightly affects annular deformations, but more severely affects anteroposterior 
deformations. This finding is also consistent with what is expected from these two 
deformation types. The process o f annular deformation results from pressure being 
applied to the frontal, temporals, parietals, and occipital. Biomechanical pressure, 
however, is not applied to the upper portion for the cranium (Blackwood and Danby, 
1955). The lack of pressure impacting the upper cranium would explain the similarity 
between normal and annular crania parietal curves. During anteroposterior deformation 
though, the most superior portions of the cranium also remain exposed, but the primary 
sources o f biomechanical pressure are the frontal and occipital, consequently restricting 
normal growth in these areas, resulting in the sagittal suture’s increased convexity.
Two of the five remaining vault measurements are located on the cranial base, basion- 
bregma height and basion-prosthion length Figures 7, and 9: Appendix IV display 
slightly larger values for annular deformations across the grouped, male and female data. 
These results support Anton (1989), Blackwood and Danby (1955), and Rogers (1975) 
who have suggested that annular deformations result in a forward or anterior 
displacement of the foce, increasing focial prognathism and an increase to vault height.
Anteroposteriorly deformed crania exhibit smaller values for the basion-bregma height 
and larger values for basion-prosthion length when conqmred to normal crania.
Separating this data into male and female components male anteroposteriorly deformed 
crania show larger values for both of these measurements, while female values remain 
relatively stable across these measurements for normal and anteroposterior crania. This 
pattern suggests that male crania are more affected by anteroposterior deformation, which
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
resuhs in increased vauh heights, and slightly increased facial prognathism than females, 
possibly reflecting a greater emphasis on deformation of male children over the history of 
the region.
The three remaining measurements: cranial base length, foramen magnum length and 
breadth (Figures 8,14, and IS: Appendix IV) do not seem vary greatly among groups or 
across sexes. The apparent similarity of these cranial base measurements across all 
groups is very intriguing. Anton (1989), Blackwood and Danby (19SS), Moss (1958), 
McNeill and Newton (1965), and Otteking (1930) have found that deformation causes 
changes to the angulation o f the cranial base, but little discussion has focused on the 
effects on cranial basal measurements. Given that the biauricular breadth is increased in 
anteroposterior deformation and reduced in annular deformation, basal angulation may be 
altered, but no definitive statement can be made from the present data. The foramen 
magnum length and breadth Figures 14 and 15 appear variable, but looking to 
measurement values very little actual difference can be observed between normal, 
annular, and anteroposterior crania. This lack of difference for foramen magnum length 
and breadth is supported by the research of Blackwood and Danby (1955), McGibbon 
(1865), and Otteking (1930). Although the general tendency towards longer annular, 
middle normal, and shorter anteroposterior lengths is exhibited in cranial base length, the 
observed differences are also generally minor. Given these findings these three 
measurements may be usefiil to use in later analyses.
Mandibular Measurements 
The grouped, male, and female mandibular measurement descriptive statistics. Tables
6,9, and 12 and Figures 16-20: ^ypendix IV follow the general patterns observed in the
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vauh measurements but to a reduced degree. The only measurement showing appreciable 
differences is the bicondylar breadth, which is widest in anteroposteriorly deformed 
crania at 121.21 mm grouped, followed by normal crania at 119.45 mm grouped, and 
smallest among annularly deformed crania at 116.85 mm grouped. This finding supports 
Cheverud and Midkiff (1992), who found the intercondylar or bicondylar breadths are 
affected by deformation. This probably relates to the functional relationship between the 
articulation o f the mandibular condyles and the glenoid fossae o f the temporals. This 
assertion is supported by Anton (1989) and Cocilovo et al. (1995) who have found an 
increased biauricular breadth for fironto-occipitally deformed crania, which would require 
an increase in mandibular width to maintain correct anatomical alignment. Thus, annular 
deformations with reduced biauricular breadth and anteroposterior deformation with 
increased biauricular breadths apparently require similarly modified bicondylar breadths 
to maintain proper anatomical positioning. The remaining four mandibular 
measurements: mandible height, mandible tveadth, bigonial width, and minimum ramus 
breadth can be considered essentially unaffected across deformation types through the 
grouped, male, or female data and therefore may be useful in calculating biological 
distances.
Facial Measurements
Turning to the grouped, male, and female focial descriptive statistics. Tables 7,10, and 
13 and Figures 21-31: Appendix IV indicates that eight out o f the eleven measurements 
are affected by cranial deformation. Only three measurements remain unaffected by 
deformation. Three of the affected measurements follow the general pattern of vauh and 
mandible measurements: bizygomatic breadth; upper focial breadth; and biorbital
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breadth' where anteroposteriorly deformed crania have the widest and largest values, 
followed by normal crania with middle range values, and finally annular deformed crania 
with the narrowest and smallest values. These findings are supported by the research of 
Cheverud et al. (1992), Cocilovo et al. (1995) and Rogers (1975). In his earlier studies 
Cocilovo (1973,1975, and 1978), however, did not find that bizygomatic breadth, or 
upper 6cial breadth were affected by deformation. Measurements with greater values for 
both annular and anteroposterior deformations compared to normal crania include the 
upper fiicial height, orbital height and interorbital breadth. Seemingly one result of 
deformation (annular or anteroposterior) is an increase to fiicial height and breadth o f the 
upper &cial region. These findings are supported ly  the research of Anton (1989), 
Blackwood and Danby (1955), Cheverud et al. (1992), and Cocilovo et al. (1995), 
Otteking (1930), Rogers (1975), and Schendel et al. (1980) who have found alterations to 
the orbital height and upper fiicial height associated with deformatbns. Cheverud et al. 
(1992), and Cocilovo (1973, 1975, and 1978), however, identified upper fiicial height as 
one measurement unaffected by deformation. Conversely the only measurement 
exhibiting greater values for normal crania is the minimum fiontal breadth. Thus the 
normal curvature of the frontal must be reduced during the deformation procedure from 
normal by the application of either pads or bands. Anton (1989) found variability in the 
frontal breadth associated with deformation, but Cocilovo (1973, 1975, and 1978) 
identified no differences in this measurement. One measurement that shows greater 
values for annularly deformed crania is the nasal height. Facial lengthening associated 
with annular defi)rmatk>n may be the cause of this. Blackwood and Danby (1955), 
Otteking (1930), and Cocilovo et aL (1982,1995), have also found nasal height increases
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with annular deformation. However, Anton (1989) suggests that the nasal region 
including the nasal height is generally stable across deformations. The remaining three 
measurements: palate (maxillo-alveolar) breadth, orbital breadth, and nasal keadth are 
the only measurements that do not appear to be affected by deformation. Cocilovo (1973, 
1975, and 1978) found the orbital breadth and palate (maxillo-alveolar) breadth to be 
stable, while Anton (1989) found stability in the nasal region, including the nasal breadth. 
Yet, Anton (1989) found alterations to the palate (maxillo-alveolar) breadth, while 
Cocilovo et al. (1982) different from his earlier works found that deformation causes a 
reduction to palate (maxillo-alveolar) breadth. Based upon these results, it is clear that 
facial measurements are highly variable and the measurements identified here as being 
unaffected are both supported and questioned by results from many previous studies.
Focusing on the results of the measurements described by Cocilovo ( 1973,1975, and 
1978) as unaffected by deformation, only two of six original measurements examined in 
this research, orbital and palate (maxillo-alveolar) breadth are apparently not affected by 
deformation. Therefore no support can be given to the other four measurements. Turning 
to the three other measurements: basion-prosthion length; nasal height; and nasal breadth 
researchers have used to augment Cocilovo’s original seven measurements only nasal 
breadth can be supported as unaffected by deformation. Overall these resuhs suggest that 
the measurements assumed to be unaffected by deformation in Cocilovo’s (1973, 1975, 
and 1978) research among Argentinean anteroposterior and annular crania require 
reexamination before they can be used among populations from the Azapa valley and 
possibly other regions o f South America. However, these resuhs are only preliminary
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being developed from descriptive statistics and further evaluation is required before the 
patterns suggested can be fully proven.
The general trend emerging from the descriptive statistics analysis is that the effects of 
deformation are strongly correlated to the orientation o f the pressure causing the 
deformation. Pressure ^plied  along anterior and posterior vectors, as in anteroposterior 
deformation results in increased widths, reduced lengths, and possibly larger heights for 
some fiicial measurements. Pressure applied circumferentially, constraining lateral 
growth as in annular deformation results in measurements that display narrowed widths, 
and compensatory increases to vault and fecial lengths and heights. Cranial modifications 
that result from both types of deformation can be conceived as a cascade of effects 
(Cheverud and Midkiff^ 1992), with the most intense alterations generated at the site of 
deformation, the vault. Moving away from the focal point of deformation, the effects are 
lesser but still apparent for fiicial measurements and most reduced in the mandible, which 
is located at the greatest distance from the locus o f deformation. Most if not all o f the 27 
measurements examined exhibit some effect from deformation. These effects are 
variable, though, depending upon the type and probably the severity o f deformation, but 
in several cases effects are so minor as to be considered negligible. Similar to Anton's 
(1989) research, the measurements that appear most affected by deformation are those 
situated perq)herally on the neurocranium, while measurements oriented centrally qipear 
remain stable. This is suggested from the preceding analyses for the follow 
measurements: nasal keadth; orbital breadth'; palate (maxillo-alveolar) breadth; cranial 
base length; basion-prosthion length; fi)ramen magnum length; and breadth. This 
suggests the existence o f a basic cranial firamework or structure, which remains unaltered
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by deformation. The apparent stability of these central and basicranial measurements as 
suggested by Lahman (1985) could be due to the cranial base being less variable than the 
neurocranial vault, and facial skeleton. Humans can survive extensive deformations of 
the vault and face, but extensive changes to the cranial base are not conq>atible with 
continued life.
Male vs. Female independent samples t-test 
Given that the Kolnwgorov-Smimov, and Shapiro-Wilk’s normality test results from 
Tables 14-16: Appendix V indicate that a majority of the data under consideration do 
exhibit normal distributions, the next series o f tests performed were independent sample 
t-tests of sexual dimorphism across normal, annular, and anteroposterior crania. The 
resulting Tables 17-19 are presented in Appendix V. Although most researchers usually 
keep male and female data separate during analyses, there are a series o f published 
studies that use grouped sex data from Azapa valley and other South American 
populations (Cocilovo et al., 1990; Dhtmar, 1996; Guillen, 1992; Rothhammer, 1986, 
1994; Rivera and Rothhammer, 1986,1991; Rothhammer et al., 1983, 1984). These 
authors pooled the sexes either because individual male and female sample sizes would 
have been inadequate, or analysis o f the data suggested sexual dimorphism was minor 
within groups using specific measurements. Perusal o f the preceding descriptive statistic 
Figures 5-31 : Appendix IV for the Azapa valley populations, however, indicates that 
sexual dimorphism is present in nearly all the measurements. A secondary test performed 
as part of the analysis was a Levene’s tests for homogeneity o f variances. All 
measurements were subjected to two t-tests, one assuming equal variances and another
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assuming unequal variances. If the Levene’s test showed unequal variances, t-statistks 
and p-values would be available for all data. Nevertheless, resuhs from both t-tests were 
identical.
Looking first to the resuhs of the normal female versus normal male t-test. Table 17; 
Appendix V suggests that out of the 27 measurements examined only four, the parietal 
chord, nasal breadth, orbital breadth', and orbital height show no differences between 
males and females. The remaining 23 measurements are all significantly different at the P 
< 0.01 level. However, three out of the four non-significant measurements are from the 
facial region. Two of these measurements, the nasal and orbital breadth' are ones that 
seem unaffected by deformation, while orbital height is one measurement that does seem 
to be affected by deformation. Since two o f the measurements considered unaffected by 
deformation are also centrally located, this finding may support the concept of a 
structural cranial framework that remains unaffected by deformation. Yet, nasal and 
orbital breadth' also show no differences between the sexes, indicating that researchers 
could pool males and female data for these measurements and proceed with further 
analysis. The question that remains, however, is whether these two measurements remain 
unaffected across both two deformation types.
Comparison o f annular female versus annular male measurements. Table 18:
Appendix V indicates that five out o f the 27 measurements: the occipital chord; 
mandibular breadth; nasal breadth; orbital height; and interorbital breadth show no 
differences between the sexes. The remaining 22 measurements are all significantly 
different at the P < 0.01 level or P < 0.05 level for the mandible height. Once again, there 
is sufiBcient evidence to state that a majority of annular group measurements display
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sexual dimorphism. Among the five non-significant results nasal breadth and orbital 
height are repeated from the normal crania. Orbital height, though, is one measurement 
suggested as being distorted by deformation, while nasal breadth does not show any 
affects. Seemingly two these measurements are stable across the sexes for both annular 
and normal groups. Only the nasal breadth remains stable in both the annular and normal 
groups, while orbital height and the occipital chord are affected by annular deformation. 
Interorbital and mandibular breadth are the only measurements indicating no differences 
between males and female for annular deformation, but not normal crania, indicating that 
annular deformation reduces sexual dimorphism among these measurements.
The anteroposterior female versus anteroposterior male t-tests. Table 18: Appendix V 
indicate that seven measurements: maximum cranial breadth (not assuming equal 
variances); occipital chord; foramen magnum length; minimum frontal breadth; nasal 
breadth; orbital height; and interorbital breadth show no significant differences between 
males and females. The remaining 20 measurement are significantly different at the P < 
0.01 or P < 0.05 levels. Thus a majority o f the recorded measurements fix)m 
anteroposteriorly deformed crania display significant sexual differences. Of the seven 
measurements that show no sexual differences only the nasal breath and orbital height 
appear for the third time. Nasal breadth is tqiparently a very stable trait across sexes and 
deformation types. Given the stability o f the nasal breadth, this measurement may be one 
o f the better measurements to use in population conqMrisons. Orbital height is also stable 
across the sexes, but is variable by deformation type, and would not be a suitable 
measurement to use in assessing biological affinities between populations. There are no 
other comparable measurements showing non-significant differences between
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anteroposterior and normal groups. Comparing the anteroposterior non-significant results 
to the annular group, both groups show non-significant resuhs for the interorbital breadth. 
Consequently, deformation of either type must have a similar effect causing reduced 
sexual dimorphism for the interorbhal breadth. Measurements only appearing as non­
significant in the anteroposterior group include the minimum frontal breadth, foramen 
magnum length, and maximum cranial length (not assuming equal variances). Thus 
anteroposterior deformation affects different cranial structures than annular crania, 
resuhing in different sets of measurements comparable across males and females.
Resuhs from the t-test suggest that most o f the 27 measurements can be considered 
significantly different between males and females. Hence, use of pooled sex data is not 
recommended. The only two measurements that could be supported in analysis of pooled 
sex data are the orbital height and nasal breadth. Orbhal height, however, is one of the 
measurements suggested as being affected by deformation and thus would not be 
applicable to use in comparing Azapa valley populations. Only the nasal breadth can be 
supported for pooled sex use among Azapa valley populations. However, the findings 
which can be drawn a single one measurement are limited. The general findings from the 
t-tests suggest that male and female craniometric data must be used separated to audy 
Azapa valley populations.
One-way ANOVA: Normal vs. Annular vs. Anteroposterior crania 
ANOVA test resuhs validate, support, and expand upon the resuhs o f the preceding 
descriptive statistic analysis. During this analysis the data was grouped into normal, 
annular, and anteroposterior sets. Although the preceding analysis indicated significant
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sexual dimorphism within the cranial types, males and females were combined during 
these test, to acquire perspective on the general pattern of annular and anteroposterior 
deformation and its effects to the 27 measurements under examination. An additional test 
performed as part o f this analysis was a Levene’s test of assuming variance equality 
between groups. ANOVA results arranged by significant and non-significant 
measurements for the vault, mandible, and fece are presented in Table 20: Appendix VI.
Only three of the 27 measurements display unequal variances: palate (maxillo- 
alveolar) breadth, minimum ramus breadth, and foramen magnum breadth. Both the 
palate (maxillo-alveolar) breadth and foramen magnum breath exhibit significantly 
different variances at the P < 0.05 level but not the P < 0.01 level, while the minimum 
ramus breadth retains unequal variances at the P < 0.01 level. However, since the sample 
sizes between the normal annular, and anteroposterior groups are generally similar, it is 
assumed that the variance inequality will not alter results to a significant degree (NoruAis, 
1998).
Vault Measurements 
Table 20: Appendix VI indicates that seven of the 11 vault measurements are 
identified as significantly different between groups at the P < 0.01 level. None of the 
remaining four measurement basion-prosthion length, cranial base length, foramen 
magnum length, and foramen magnum breadth can be considered significant at the P < 
0.01 level. Two o f these measurements, cranial base length and foramen magnum length 
display significant differences at the P < 0.05 level. Given the feet that these two 
measurements are related to central region o f the cranium and that is seems centrally 
located measurements are less effected by deformation, the author decided to include
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these two measurements among those identified as being unaffected by deformation. The 
non-significance resuh obtained for the basion-prosthion length is surprising because 
descrq)tive statistic analysis suggested increased prognathism associated with 
deformation for this measurement. This increase must be more reduced than the 
descriptive statistics indicated. Aside from this one addition, results support inferences 
developed during analysis of the descriptive statistics.
Mandibular Measurements 
Turning to the mandibular measurements. Table 20: Appendix VI, four out of the five 
examined can be considered as not significantly different across groups: mandible height; 
mandible breadth; bigonial width; and minimum ramus breadth. One of these four 
measurements, the mandible breadth may also be considered significant at the P < 0.05 
level. However, similar to the earlier vault measurements, the author decided to include 
this it among the unaffected measurements because it was non-significant at the P < 0.01 
level. The final mandibular measurement, bicondylar breadth, shows highly significant 
results at the P < 0.01. Overall these results confirm the descriptive statistic analysis, and 
support the cascade o f effects from deformation. The most affected mandibular 
measurement is the bicondylar breadth, which is the only element of the mandible fully 
articulating with the cranium. The remaining mandibular measurements further from the 
locus of deformation display effects to a lesser degree and can be considered essentially 
unaffected by deformation.
Facial Measurements 
ANOVA of the facial measurements. Table 20: Appendix VI indicates four o f the 11 
measurements examined: palate (maxillo-alveolar) breadth; nasal breadth; orbital
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breadth'; and biorbital breadth' exhibit no differences across the three cranial types.
These resuhs support the general patterns qipearing during the descriptive statistic 
analysis. One of these measurements, the biorbhal breadth', can also be considered 
significant at the P < 0.05 level, but not the P < 0.01 level. This is the only measurement, 
which does not follow the previously established pattern. Descriptive statistics indicated 
that anteroposterior crania should have wide biorbital breadths', normal crania middle 
values, and annular crania the narrowest widths. The ANOVA resuhs suggest that the 
effects of deformation on the biorbital breadth' are not as large as suggested by the 
descriptive statistics similar to the basion-prosthion length resuhs from the vauh. 
Although biorbhal breadth' is significant at the P < 0.05 level the author decided to 
provisionally include h among the unaffected measurements. Each of the remaining 
seven measurements are significantly different among the groups at the P < 0.01 level. 
Echoing the descriptive statistics, all o f Cocilovo’s unaffected measurements are rejected 
as being significantly affected by deformation except palate (maxillo-alveolar) and orbital 
breadth'.
Only two of the original six measurements investigated, assumed to be unaffected by 
deformation from Cocilovo (1973,1975, and 1978) are supported by the resuhs of the 
ANOVA analysis, palate (maxillo-alveolar) breadth and orbital breadth'. The remaining 
four measurements: upper fecial height; minimum frontal breadth; orbital height; and 
bizygomatic breadth all display significant differences among the normal, annular, and 
anteroposterior groups. Only the nasal breadth and basion-prosthion length are supported 
as being unaffected by deformation from the three addhkmal measurements added to 
Cocilovo’s original seven. Therefore, only four o f the original nine measurements
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identified as being unaffected by deformation and assumed as unaffected in a number of 
research projects are validated by the ANOVA analysis. The paucity of support able to be 
given to Cocilovo’s cranial measurements raises serious doubts concerning the findings 
based upon research using affected measurements for both population and biological 
relationship analyses in the Azapa valley and South American populations in general.
ANOVA Multiple Comparisons 
An additional test conducted as part of the ANOVA analysis was a multiple 
comparison test using the Bonferroni procedure. The findings of this test can be used to 
validate and refine the ANOVA results presented above. ANOVA results indicate 15 
measurements as being significantly affected by deformation, and 12 as unaffected by 
deformation from the present research. The ANOVA however, presents no information 
concerning whether or not the measurements were significant or non-significant across 
all three cranial types or a single pair. Multiple comparisons provide this information 
concerning relationships among the three cranial types for each of the 27 measurements. 
The reason for performing this test was to determine if measurements identified as being 
unaffected by deformation could be supported as unaffected across all groups and to 
assess the extent to which deformation affected measurements. Measurements validated 
as unaffected across all three groups were then used analyze Aztq)a valley populations 
unencumbered by errors, inherent in using measurements affected by deformation.
Interestingly, out of the 15 measurements identified as being significantly affected by 
deformation in Table 21 ; Appendix VI, only four: maximum cranial breadth, biauricular 
breadth, fix>ntal chord, and parietal chord exhibited significant differences across all three
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groups and conq)arisons. Therefore these four measurements are the most affected by 
deformation and are more statistically useful in differentiating between normal, annular, 
and anteroposterior crania. The remaining 11 measurements display different patterns.
Six measurements are significantly different across two cranial pairs; maximum cranial 
length; basion-bregma height; occipital chord; nasal height; orbital height; and 
interorbital breadth. Five measurements though, show significance for only one 
comparison: bicondylar breadth; upper fecial height; upper facial breadth; minimum 
frontal breadth; and bizygomatic breadth. Examining these comparisons, different sets of 
measurements could be created to reflect unaffected measurements among normal- 
annular, normal-anteroposterior, and even annular-anteroposterior groups. This indicates 
researchers investigating populations with only two cranial types may be able to 
productively use one set of measurements, while other measurement sets can be selected 
for a different group, but only when populations with two types o f crania are being 
investigated. If populations possess more than two cranial types, the measurements 
identified, as being unaffected across all three cranial types would be the only acceptable 
measurements to use in calculating population affinities and other statistical analyses.
According to the ANOVA analysis there are 12 measurements that display no 
significant differences across the three groups under analysis. If accurate, all 12 of these 
measurements should display non-significant results during the multiple comparison 
analysis. Surprisingly only ten o f the measurements exhibit non-significance across all 
groups. Two of the measurements, mandible breadth and biorbital breadth' conspicuously 
standout as exhibiting significance at the P < 0.05 level. Mandibular breadth shows 
significance differences between normal and annular crania, si^gesting there must be
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some conqwnsatory biomechanical modification in the mandibles of annular crania. 
Further, there is nearly statistical significance between normal and anteroposterior groups 
with a P-value o f 0.07, while annular and anteroposterior groups are identified as 
essentially the same with a P-value of 1.00. Average measurement values demonstrate 
that skulls with annular and anteroposterior deformation have mandibular breadths of 
11.70 mm and 11.80 mm respectively while normal mandibles have widths of 12.30 nun. 
Therefore, one consequence of deformation no matter the type is a slight reduction in the 
mandible breadth or thickness. Biorbital breadth', was one measurement that surprised 
the author when it was identified as being unaffected by deformation. However, at this 
more refined level o f analysis the biorbhal breadth' does exhibh the general pattern of 
more affected peripheral measurements as indicated by the descriptive statistics. 
Specifically, the assertion o f wide anteroposterior and narrow annular biorbhal breadths' 
is supported by significant resuhs at the P < 0.05 level reflecting a 96.70 nun and 95.50 
mm widths respectively. Granted this is a 1 nun differences, it is very possible that 
biorbital breadth' is only slightly affected by deformation, but it will not be included in 
the following biodistance calculations. Each of the remaining ten measurements support 
the findings o f the ANOVA and descriptive statistics.
MPR (Matthew Paul Rhode) and CRS (Cocilovo, Rothhammer, Rivera)
Measurement Sets
Based upon the resuhs o f the preceding analyses, the author decided to create a new 
set o f measurements to use in calculating generalized distances between the shes and 
cultural groups o f the Azapa valley. Since, only four o f the measurements described as
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unaffected by Cocilovo and others have been supported, it was concluded that 
generalized distances created using Cocilovo’s measurements required testing to 
determine if the inclusion of measurements affected by deformation, as identified in this 
research, would significantly skew biological distances interpretations.
MPR Measurement Set 
The following seven measurements: cranial base length; basion-prosthion length; 
foramen magnum length; foramen magnum breadth; palate (maxillo-alveolar) breadth; 
nasal breadth; and orbital breadth' identified as being unaffected by deformation during 
this research make up the MPR measurement set. Cranial base and foramen magnum 
lengths were included in this measurement set for three reasons. First, although each 
measurements shows significant affects from deformation the at the P < 0.05 level they 
were not significant at the P < 0.01 level. Second, both measurements are derived from 
the central region o f the cranium and follow the general pattern suggesting that centrally 
positioned measurements remain stable and generally unaffected by deformation. Third, 
multiple comparison analysis indicated both measurements remained unaffected across 
all groups. Biorbital breadth' and each of the three unaffected mandibular measurements 
were not included in the MPR measurement set due to the following reasons. Although 
biorbhal breadth' can be considered unaffected by deformation at the P < 0.05 level 
similar to the cranial base length and foramen magnum length whh P-values o f 0.04, h is 
also a more peripherally oriented measurement and displayed significant differences 
between annular and anteroposterior groups during the multiple comparison analysis. The 
three non-significant measurements from the mandible: mandibular height, mandibular 
breadth, and bigonial breadth were also excluded because their inclusion would have
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reduced sanq)Ies sizes to unacceptable levels because few individuals had all four 
mandible measurements and all seven cranial measurements available for analysis.
CRS Measurement Set 
This measurement set was developed from nine o f the ten measurements considered 
unaffected by Cocilovo (1973, 1975, and 1978). The CRS measurement set consists of 
the following seven measurements: basion-prosthion length; palate (maxillo-alveolar) 
breadth; upper fecial height; minimum frontal breadth; nasal height; orbital breadth'; and 
bizygomatic breadth. In the Mahalanobis distance calculations this set was further 
reduced to six measurements for grouped data due to an unforeseen mathematical error. 
Male and female Mahalanobis and all Penrose distances, though, used all seven 
measurements. Readers may question why only these seven measurements were chosen. 
However, as has previously been mentioned, earlier research using Cocilovo’s 
measurements has been conducted using a variety of measurement sets. Testing each of 
these measurement sets would have been overly time consuming, and therefore the author 
decided to arbitrarily select seven of the most frequently used measurements from these 
studies. Included in this set are both affected and unaffected measurements. Seven 
measurements were chosen to correspond to the seven MPR measurements and thus ease 
calculations. Therefore future research testing the other measurement set combinations 
can still be conducted. The purpose of the present research, though, is to compare 
generalized distances calculated for the same population using two measurement sets, one 
including affected measurements, and another ostensibly conq>rised of unaffected 
measurements.
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3 Repeated Measures 
Comparing the two previous measurement sets, three variables q>pear in both the 
MPR and CRS sets. These three measurements: basion-prosthion length; palate (maxillo- 
alveolar) breadth; and orbital breadth', labeled as 3 Measures, exhibit no effects from 
deformation. Possibly these are the most appropriate measurements to use in analyzing 
populations that exhibit normal and deformed crania. Since these measurements are 
common between the measurement sets, the author decided to calculate distances for 
them Distances from the 3 Measures were then compared with those from the MPR and 
CRS sets. It was expected that comparing the distances from these parsimonious 
measurements to the MPR and CRS distances would support one of these measurement 
sets.
Discriminant Function Analysis o f Measurement Sets 
Significant Measurements 
Prior to the calculation of generalized distances, the discriminatory power o f each 
measurement set was investigated through discriminant function analysis. As a baseline 
to use in interpreting the legitimacy of each unaffected measurement set, 14 of the 
measurements significantly affected by deformation were analyzed. Bicondylar breadth 
was excluded because the author wanted to maximize sanq)le sizes during the analysis. 
Few individuals had all seven cranial measurements and bicondylar keadth to allow 
calculation of statistically reliable results. Two discriminant functions were constructed 
during this analysis (Table 22: Appendix VII). The first function accounted for 81.12% of 
the data’s variability and loaded primarily on cranial variables including: maximum
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cranial breadth with a value of -0.61, maximum cranial length with a value o f 0.S3, and 
the frontal chord with a value of 0.31 among the highest weights. The second function 
accounted for 18.88% of the data’s variability, and was more associated with both fecial 
and cranial measurements such as: orbital height at 0.55, parietal chord at -0.54, and nasal 
height at 0.32 among measurements displaying greatest weights. The classification results 
(Table 22: Appendix VII) revealed that of the 266 individuals investigated, 82.0% were 
originally classified correctly. Cross-validation of classification dropped the percentage 
of correct classifications by 4.6% to 77.4%. These resuhs are clearly observable in Figure 
32: Appendix VII through the defined clusters for each group and well-separated group 
centroids. Predicted group memberships indicated that most misclassifications were of 
annular or anteroposterior crania misclassified as normal. Only for three (original) or four 
(cross-validated) cases were annular and anteroposterior crania misclassified as the 
opposite type of deformation. These resuhs suggest that there is a definitive difference 
between the two type o f deformation, which is less apparent between the deformation 
types and normal crania. The tendency for mild deformations to be classified as normal 
crania could be one possible explanation for the high large number of misclassification 
errors.
MPR Measurements 
The first set o f unaffected measurements examined using discriminant function 
analysis were the seven measurements of MPR. The first discriminant function. Table 23: 
Appendix VII, developed from this analysis accounted for 57.42% of the data’s 
variability, loading particularly on the orbital breadth' at 0.39, basion-prosthion length at 
0.35, and nasal breadth at 0.28. The second discriminant function accounted for 42.58%
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of the data’s variability, loading primarily on the foramen mt^num breadth at 0.60, 
cranial base length at 0.56, foramen magnum length at 0.51, and palate (maxillo-alveolar) 
breadth at -0.31. The near equality ofthe first and second discriminant fiinctions 
indicated the test was having difficuky differentiating between each of the three cranial 
types using these seven measurements. Interestingly, the second fiinction loaded heavily 
on two of the measurements that were questionably unaffected by deformation cranial 
base length and foramen m%num length. The higher weightings observed from these two 
measurements circumstantially support the previous assertion that these measurements 
may show minor effects fit>m deformation. Classification results. Table 23, indicated that 
41.2% of the original 204 cases used in this analysis were correctly classified. This 
percentage reduced by 3.5% to 37.7% for the cross-validated data. Figure 33: Appendix 
VII clearly expresses these results, displaying no definable group clusters. Instead the 
data appear scattered, from which one can not differentiate normal, annular, and 
anteroposterior crania into separate groups. This figure also reveals closely spaced group 
centroids. Therefore these measurements are not able to discriminate between normal 
annular, and anteroposterior groups with any degree o f fecility. Examination of predicted 
group memberships shows a different trend than the significant measurements. Results 
indicate a high percentage of overly between aimular and anteroposterior groups with 
nearly equivalent numbers of cases being classified into each group for both the original 
(30%) and cross-validated (30%) data. Results also suggested that over 50% of the 
normal annular, and anteroposterior crania were being misclassified. These results lend 
validation to the assumption that this set o f measurements is essentially unaffected by
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deformation and is not very beneficial to use in differentiating between normal annular, 
and anteroposterior crania.
CRS Measurements
Next, the seven measurements comprising the CRS measurement set were investigated 
though discriminant function analysis. Table 24: Appendix VII, indicated that the first 
discriminant function, accounted for 74.77% ofthe data’s variability, loading primarily 
on the nasal height at 0.51, upper fecial height at 0.31, and bizygomatic breadth at -0.31. 
The second discriminant function accounted for 25.23% of the data’s variability, loading 
mostly on the minimum frontal breadth at 0.86, and palate (maxillo-alveolar) breadth at 
-0.17. The first discriminant function can be associated with the height and breadth ofthe 
face, while the second can be associated with breadths. The large percentage of 
variability identified by the first and low percentage identified by the second discriminant 
function suggests that this set of measurements is more able to distinguish between the 
groups, similar to the significant measurements, and thus is different finm the MPR 
measurement set. The structure matrix, from Table 24 showed that the two 
measurements, nasal height and minimum frontal breadth, previously identified as 
effected by deformation, exhibit the highest loadings with 0.51 and 0.86 respectively. The 
classification results from Table 24 indicated that out of the original 200 cases examined 
55.5% were classified correctly. Cross-validated classification results reduced 3.5% to 
52.0%. Unlike the MPR measurements which displayed equal numbers o f original and 
cross-validated cases incorrectly identified, the CRS measurement display an average of 
10% less with 20% percent of the cases incorrectly identified for the original and 24% for 
the cross-validated data. It seems, however, that the normal and anteroposteriorly
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deformed crania do show more misclassifications than the aimular crania. The pattern 
suggested by Figure 34: i^qiendix VII, indicates differences between the normal and 
anteroposterior individuals and group centroids, while the aimular group centroid and 
cases form a more distinct and separate cluster. Therefore, it seems the CRS 
measurement set is more able to differentiate between normal and anteroposterior crania 
as a group from annular crania. These findings suggest that the CRS measurement set is 
not as iqiplicable as the MPR measurement set to use in conqmring population that 
display normal annular, and anteroposterior crania.
3 Repeated Measures 
A final discriminant function analysis was then performed on the three measurements, 
which were part o f both the MPR and CRS measurement sets. Resuhs from this analysis 
were expected to support one of the other two measurement sets. The first discriminant 
function. Table 25: Appendix VII, accounted for 91.95% of the data’s variability, loading 
primarily on the basion-prosthion length at 0.51. The second discriminant function. Table 
25, accounted for the remaining 8.05% of the data’s variability, loading on the palate 
(maxillo-alveolar) breadth at 0.83 and orbital breadth' at 0.72. The first function can be 
related to fecial length and the second to fecial width. Examination the classification 
resuhs. Table 25, indicated that only 37.9% of the 214 original cases were classified 
correctly. The percentage of conect classification reduced 2.4% to 35.5% for cross- 
validated data. These percentages were the smallest reported among the four 
measurement sets examined. Conqiaring the 3 Measures resuhs to the other analyses, the 
MPR measurements presented the most similar resuhs. This analysis strongly suggested 
that these three measurements were unable to successfully differentiate between the three
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cranial types under analysis. Predicted group memberships resuhs from Table 25 
indicated similar patterns. Approximately 40% of the normal crania were incorrectly 
classified as either annular and anteroposterior crania in the original and cross-validated 
data analysis. Annular crania exhibhed 20% misclassified as normal and 30% 
misclassified as anteroposterior across the original and cross-validated data. For 
anteroposterior crania 22% were misclassified as normal and 34% were incorrectly 
classified as aimular for the original and anteroposterior data. These findings were also 
more similar to MPR than CRS measurement sets. When these resuhs are plotted as 
shown in Figure 35: Appendix VII, no differentiated group clusters are visible. In fact the 
data clearly takes on a scatter pattern, in which group centroids are closely packed. Given 
the resuhs of the previous discriminant analyses, the 3 Measures set most closely 
approximates and supports the MPR measurement set in being unaffected by deformation 
and unsuited for use in distinguishing between normal, annular and anteroposterior 
crania.
Discriminant function analyses are primarily used to determine whether or not a set of 
variables can be used to differentiate between groups. The three measurement sets 
examined here, however, are presumably comprised of measurements unaffected by 
deformation. The measurement set least able to discriminate between normal, annular, 
and anteroposterior crania would then be the considered as the one most suited for use in 
further population, independent o f deformation’s effects. Results from the preceding 
analysis suggest that the MPR and 3 Measures sets are the most applicable to use in 
developing generalized distances between populations o f the Azapa valley. Yet, further 
comparisons between the three measurement sets using calculated generalized distances
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is warranted to test this hypothesis. Differences that appear in distances calculated 
between the MPR, 3 Measures, and CRS measurement sets, which cause erroneous and 
distorted interpretations of Aztqia valley biological relationships probably can be 
attributed to use of significantly affected measurements.
Generalized Distances: Penrose and Mahalanobis 
Two methods were chosen to calculate biological distances among Aziq» valley 
populations, Penrose mD^ and Mahalanobis D  ^generalized distances. These methods 
were enqrioyed to test the hypothesis that both distance measures were interchangeable. 
Distances were developed across three data subsets: pooled; male; and female to identify 
possible differences. For each subset, two series of distances were tabulated, raw 
generalized distances, and distances with Chi-squared significance values. Given 
inconsisteiKies such as small samples sizes, and missing measurements, only the 
following six sites possessed a sufficient numbers of cases that allowed for the 
calculation of generalized distances: MO-l, MO 1-6 (combined); PLM 7; PLM 4; AZ-71; 
AZ-140; and AZ-6. Each of these sites had more than 25 individuals for grouped data and 
at least five or more males and females. Admittedly these were small samples, but they 
were the largest, which could be drawn from this present data. Other authors have stated 
that missing values may be replaced to increase sample sizes (Droessler, 1981 ;
Rightmire, 1969), but the use of such procedures was decided against because no 
available method is free from error. Due to the small sample sizes, the distances 
calculated during this research must be considered as preliminary until they can be 
compared with distances developed using larger samples. Represented amor% these six
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sites were both coastal and inland, and early, middle, and late sites from a variety of 
cultures. This variability allowed for an analysis of geographic, tenqwraL, and cultural 
variations among the valley’s populations.
Calculated distances were examined in five ways: 1) Penrose and Mahalanobis 
distances were compared to determine their interchangeability for each measurement set 
(Tables 26-31 : Appendix IX); 2) the similarity of grouped, male, and female subsets was 
investigated for each measurement set; 3) each method’s relationship to proposed models 
of Azapa valley population development was assessed; 4) conq»rability o f the MPR, 3 
Measures, and CRS distance interpretations was examined; 5) MPR, 3 Measures, and 
CRS distance interpretations were compared to previous studies of Azapa valley 
population relationships.
Distance Comparison 
Examination of raw Penrose and Maludanobis distances without values for each 
measurement set indicates broad comparability across methods for grouped, male, and 
female data sets. Perusal o f Tables 26,28, and 30: Appendix IX indicates certain cases 
where distances are dissimilar between methods. Yet, none of these tables indicate 
Penrose distances entirely different from Mahalanobis distances. One comparison where 
this may not be the case is between the CRS Penrose and Mahalanobis distances. It seems 
that the CRS Mahalanobis distances are generally larger than Penrose distances in all 
instances. In feet, scanning across distances from each measurement set, the largest 
values appear among CRS Mahalanobis distances. Pearson’s r-Wues calculated between 
methods help to assess the conqwrability between Penrose and Mahalanobis distances.
The results presented in Table 32: Appendix IX, indicate h%h correlations across two of
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the three measurements sets with 0.88 for the 3 Measures, and 0.84 for MPR, while the 
CRS comparison shows a value of .68. Although these values do not replicate the 0.99 
and 0.96 r-values from Penrose (1954), the values for MPR and 3 Measures are large 
enough to tentatively conclude Penrose distances can plausibly be used as an alternative 
to the more complex Mahalanobis distances. This is not the case for the CRS distances, 
and the results suggest that Mahalanobis and Penrose distances should not be used 
interchangeably.
Turing next to the generalized distances with values. Tables 27,29, and 31 :
Appendix IX, results suggest that Penrose and Mahalanobis distances are more different 
than the raw distances indicated. Specifically, distances, which are significantly different 
between some pairs, vary. This in turn may dramatically impact the interpretation of 
biological relationships. The addition o f significance values to generalized distances 
results in more understandable biological relationships than raw distances, and it is 
strongly suggested that significance values should always be generated following the 
calculation of biodistances. If preference is to be given to one method, Mahalanobis 
distances, wdiich take into account the inter-correlation between variables, should be 
chosen. It is possible that Penrose distances can be used as a rough estimate from which 
more detailed analyses using Mahalanobis distances can be developed.
Sex Differences
Grouped, male, and female distances also display different patterns for both the 
Penrose and Mahalanobis distances indicating morphometric variation exists between 
males an*females. These findings support the preceding t-test results that indicated 
significant sexual dimorphism within the measurements, and contradict the use o f pooled
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
109
sex data for distance analyses in the Azapa valley. Therefore, generalized distances 
created from grouped data will probably alter interpretations of genetic relationships. 
Grouped distances essentially average male and female distances, obscuring possible 
marriage, residence, and migration patterns. These aspects may be very important to 
understanding the interaction and relationships between Azapa valley populations.
Measurement Sets
Comparing generalized distances between the MPR, 3 Measures, and CRS 
measurement sets does suggest similar patterns, however, important distinctions can also 
be noted. Visual inspection of the distances indicates the CRS measurement set provides 
larger, more significant distances than the MPR and 3 Measures distances. The greater 
CRS distances probably result from the use o f measurements significantly affected by 
deformation in distance calculations. Support for this assertion is comes from an analysis 
o f the Pearson’s correlations between measurement sets. Table 32: Appendix IX. 
Conquring the MPR versus CRS measurement sets the average r-value is 0.59 for 
Penrose, and 0.43 for Mahalanobis distances. These values indicate very low positive 
correlations when conq)ared to the critical r-value of 0.64. These r-values can also be 
considered as poor correlations when conpired to the arbitrarily selected cutting point of 
0.80. R-values greater than 0.80 were arbitrarily selected to indicate high positive 
correlations, while values less than .80 identify high poor correlations. Following this 
logic the 3 Measures vs. MPR conq>arison at 0.79 for Penrose is nearly large enough to 
be considered a good correlation, while the 0.83 for Mahalanobis is a good correlation. 
Comparing the 3 Measures vs. CRS measurement sets at 0.60 and 0.25 for the Penrose 
and Mahalanobis distances st%gest very poor and significantly different correlations. The
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low correlations obtained between the CRS and both MPR and 3 Measures distances 
suggest that it is difificuh to compare distances developed using CRS measurement sets.
At the same time, the high correlation between the MPR and 3 Measures distances 
indicate that these two measurement sets are more similar. Apparently the inclusion of 
measurements affected by deformation in the CRS measurement set results in larger, 
more significant distances, which do not fiivorably conqMure to either the MPR or 3 
Measures distances. Therefore, it is possible that CRS distances may distort 
interpretations o f biological relationships resulting in misleading conclusions.
Biodistance Interpretation 
The interpretation of generalized distances is crucial to any study of biological 
affinities. The MPR and 3 Measures sets o f measurements, as discussed previously are 
composed of measurements unaltered by cranial deformation. Hence, biodistance 
interpretations derived from these measurements can be assumed as able to best explain 
Azapa valley population afiTinhies.
Given the high correlation between Penrose and Mahalanobis for the MPR and 3 
Measures distances, but low values for CRS distances, biodistances interpretations will 
be developed for all grouped, male and female data subsets. Preference, however, should 
be given to interpretations o f the male and female data, but since other researchers have 
used pooled sex data, grouped interpretations will also be developed during the following 
analysis. The five initial models (pages 41-45) developed in the introduction will be used 
as the basis from which to understand generalized distances for each measurement set 
and their relationships to Azsqn valley population history. Biodistance interpretations 
will then be used in comparing the MPR, 3 Measures, and CRS distances to ascertain
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whether they produce similar or disparate results. Given that the CRS measurement set is 
comprised of both measurements affected and unaffected by deformation, the distances 
interpretations developed using them may be skewed. If CRS generalized distances 
display different relationships than both the MPR and 3 Measures distances, serious 
questions must be raised regarding all interpretations developed by researchers using 
these measurements. Conclusions from such biological afSnity studies would be at least 
distorted if not wholly erroneous. Yet, if the interpretations of biological relationships are 
analogous across the three measurement sets, support will be given to many previously 
published studies. Additionally, evidence would be presented supporting the assertion 
that biological relationships are not severely altered using measurement sets with 
measurements significantly affected by deformation.
Biodistance interpretation was fecUhated through an examination of both generalized 
distances with values, and cluster analysis dendrograms. Raw generalized distances 
were used to define preliminary she relationships, which were then assessed for 
significance using their values. However, the mass o f numbers created during these
analyses is often difficult to understand and a further hierarchical cluster analysis was 
performed on distance matrices to obtain dendrograms (Figures 36-41 : Appendix X). 
Dendrograms visually depict the relationships between shes, easing pattern recognhion. 
The general patterns emerging from the distances and dendrograms were refined through 
review of the geognq>hic, cultural, and temporal associations ft>r each of the six shes 
(Tables 1-2, and Figures 3-4). These refined patterns were then conq>ared to the five 
previously developed population models to identify which was the best to aid in 
understand the biological history and evolution o f Azapa valley populations.
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MPR Distance Interpretations 
Grouped Data
Examination of the MPR grouped Penrose and Mahalanobis distances (Tables 26-27: 
Appendix IX) suggests generally conq>arable patterns. Penrose and Mahalanobis 
distances both indicate that MO-1, MO 1-6 is closely related to the coastal site o f PLM 4, 
and the inland sites of AZ-71, and AZ-140. PLM 7, though, exhibits large, significant 
distances from MO-1, MO 1-6. This is surprising since MO-1, MO 1-6 representing the 
Chinchorro culture and the PLM 7 the El Laucho culture has been considered closely 
related archaeologically. AZ-6 also displays a large distance from MO-1, MO 1-6. This 
distance is not significance for Penrose, but is significant for Mahalanobis. PLM 7 shows 
affinities with PLM 4, indicating the possibility of an ancestor-descendent relationship 
between these two shes. Yet, PLM 7 displays large, significant distances from all o f the 
inland sites AZ-71, AZ-140, and AZ-6 for Penrose, but only AZ-140 and AZ-6 for 
Mahalanobis. These resuhs suggest that PLM 7 may reflect the migration of an intrusive 
population into the coastal region o f the Azapa valley. PLM 4 is contenqmraneous whh 
all inland shes and all coastal, and as expected diqtlays small non-significant distances 
and a great deal of affinhy to all shes. Each o f the inland sites AZ-71, AZ-140, and AZ-6 
are highly related suggesting strong affinhies between these shes. These two resuhs taken 
together indicate continuhy among late inland populations, and the late coastal 
populations o f PLM 4.
Looking to the Penrose group cluster dendrogram (Figure 36: Appendix X) this pattern 
can be more easily identified. The first cluster links PLM 4 and AZ-71, indicating close 
relationships between these late coastal and inland shes. The second cluster forms a new
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branch linking AZ-140 and AZ-6. The third cluster links the first two branches. At this 
point all o f the late sites have been grouped suggesting a high degree of affinity between 
the late coastal and inland sites. The fourth cluster links MO-1, MO 1 -6 with the earlier 
clusters, and the fifth cluster links PLM 7 separate from the other sites. Linking MO-1. 
MO 1-6 with the late groups prior to PLM 7 suggests possible early ties with the 
Chinchorro and other valley populations both coastal and inland. Linking PLM 7 last and 
at the greatest distance suggests that this she is not related to the other shes, and may 
represent the migration of external populations into the valley.
Turning next to the Mahalanobis dendrogram (Figure 39: Appendix X) a similar 
pattern is suggested. In the first cluster PLM 4 and AZ-71 are once again linked, 
suggesting a high degree o f affinhy. The second cluster links AZ-140 to the first cluster. 
The third cluster links AZ-6 to the first and second clusters. At this point, all of the late 
shes have been linked again suggesting a high degree of similarity among late 
populations. The fourth cluster links MO-1, MO 1-6 and PLM 7 in a separate branch fer 
removed from the previous clusters. Although both shes are significantly different from 
each other this pairing is odd. It may just be a remnant of both shes possessing large 
differences from most of the inland shes. The fifth and final cluster links the two 
branches together at the greatest possible distance.
Overall, the data suggest a pattern similar to the second model of coastal and inland 
interaction or biological continuhy. There are strong relationships between the early 
coastal and later inland groups, but the population o f PLM 7 could represent a migration 
into the area by an external groiq>. Possibly descendants the MO-I, MO 1-6 populations 
migrated inland arotmd 1000 BC starting to e}q)eriment whh agriculture and pastoralism.
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At the same general time PLM 7 populations migrated into the coastal region. Yet, the 
fact that PLM 7 and PLM 4 exhibit a small distances is interesting, since PLM 4 is also 
closely related to all o f the inland sites and MO-1, MO 1-6. Therefore genetic continuity 
must have been maintained from the early to late Azapa valley populations through gene 
flow, only mildly being interrupted by the introduction of a new population and genetic 
material the grouped forming at the site o f PLM 7.
Male Data
Moving to the MPR male Penrose and Mahalanobis distances (Tables 26-27:
Appendix IX) an alternate pattern is suggested. Penrose distances show that MO-I, MO 
1-6 is significantly different from PLM 7, AZ-71, and AZ-6, but no significant distances 
from PLM 4 and AZ-140. These results suggest that MO-1, MO 1-6 is related to both late 
coastal and inland sites. PLM 7 is significantly different from all groups but PLM 4. This 
again suggests the possibility o f an ancestor-descendent relationship between these 
populations. PLM 4 exhibits no significant differences from any of the other sites. 
Therefore PLM 4 must represent a continuation o f Chinchorro genetic material, passing 
through inland groups such as those from AZ-140, who also mixed with El Laucho 
populations o f PLM 7. Similar to the grouped data, all of the inland sites closely relate to 
one another, and PLM 4, suggesting both inland and coastal continuity during the 
region’s late period.
The Penrose dendrogram reflects this pattern (Figure 37: Appendix X). The first 
cluster links AZ-71 and AZ-6. This pairing is different from the earlier patterns. The 
second cluster links PLM 4 with the first cluster, i^tich is usually linked with AZ-71. The 
third cluster links AZ-140 to the first and second clusters. Similar to the grouped pattern
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all of the late shes have been linked suggesting a high degree o f affinity between these 
shes. The fourth cluster links PLM 7 to the earlier clusters at some distance and the final 
cluster links M O l, MO 1-6 separate from the other clusters. Ahhough there are 
differences between these groups, the dendrogram pattern could also be explained by the 
chronological separation between groups whh MO-1, MO 1-6 being the oldest and AZ- 
71 being one o f the earliest shes.
The Mahalanobis distances suggest a similar but different pattern (Tables 26-27: 
^pend ix  IX). MO-I, MO 1-6 is suggested as being significantly different from all other 
groups. This interpretation is at odds whh the grouped and male Penrose data suggesting 
some continuhy between MO-1, MO 1-6 and PLM 4. Instead these resuhs suggest that 
the Chinchorro males were a genetically different group from all other Azapa valley 
populations. PLM 7 only shows relationships to PLM 4, once more suggesting ancestor- 
descendent relationships between the populations of these shes. All o f the inland shes are 
significantly different from PLM 7. This once again suggests the possibilhy that PLM 7 
was an intrusive population into the coastal region, conq)letely replacing male 
descendents o f the Chinchorro. Similar to the Penrose distances the PLM 4 shows non­
significant differences from all shes except MO-I, MO 1-6. Repeating earlier patterns, 
the inland shes are all related to one another and show non-significant differences from 
PLM 4, suggesting late period continuity.
The Mahalanobis dendrogram shows a pattern similar to the Penrose dendrogram 
(Figure 40: Appendix X). The first cluster links AZ-71 and AZ-140. The second and third 
cluster links AZ-6 and PLM 4 on a separate branch and then links the first and second 
branches together. Although not linking AZ-71 and PLM 4 directly as the earlier
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analyses, all o f the late shes have been linked suggesting a high degree of continuity 
among the late period groups. The fourth cluster links PLM 7 to the earlier clusters. This 
linkage reflects the close relationships between PLM 7 and PLM 4 exhibhed by the male 
distances. The fifth and final cluster links MO-1, MO 1-6 whh all the other groups at the 
greatest distance possible representing male Chinchorro differences from all other sites.
The models most closely matching these differing patterns are the second, positing 
coastal and inland interaction or biological continuity and the third, suggesting early 
isolation and late interaction. The second model is reflected in the Penrose distances by 
the relationship between MO-1, MO 1-6, AZ-140, and PLM 4. Genetic material from 
Chinchorro populations of MO-I, MO 1-6 must have been preserved through time and 
across populations. Ahhough unlikely, a possible mode of transmission for this genetic 
material is that Chinchorro descendents migrated inland around 1000 BC experimenting 
with %ricuhural and pastoralism. Then the PLM 7 population migrated into the region 
along the coast remaining separate from contenqwraneous inland populations until 
around AD 500 when inland groups may have moved back to the coast mixing whh 
descendents of PLM 7 populations founding the she o f PLM 4. Mahalanobis distances, 
however, suggest the third model. Separating MO-1, MO 1-6 males from all other sites 
suggests that Chinchorro males were genetically distinct from all other Azapa valley 
populations. Depending upon the fete o f the Chinchorro males, they were ehher 
completely replaced by PLM 7 males or moved to some other area. The middle period 
PLM 7 populations remained separated from contemporaneous inland populations until 
around AD 500 when inland population migrated back to the coast and interbred whh 
PLM 7 descendents forming the D. Regional populations represented by the she of PLM
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4. These two patterns are partially at odds with one another but are also similar in 
suggesting an influx of new populations at PLM 7, and a late period continuity between 
coastal and inland populations.
Female Data
Separated from the male distances, the female data suggest an entirely different pattern 
(Tables 26-27; Appendix IX). Penrose distances suggest MO-1, MO 1-6 has small non­
significant differences from all other sites. PLM 7, however, shows significant 
differences between the inland sites AZ-140 and AZ-6, but not AZ-71. PLM 4 again 
shows non-significant distances from each of the other sites. Similar to the grouped and 
male results previously discussed all late period sites, indicate continuity. Mahalanobis 
distances also indicate MO-1, MO 1-6 is not very different from all other sites. This time, 
however, PLM 7 is significantly different from all of the inland sites AZ-140, AZ-6, and 
AZ-71. PLM 4 again shows very small insignificant distances from all other sites. Similar 
to the grouped and male results previously discussed all late sites strongly indicate 
continuity between the coast and valley.
The pattern emerging from the female data also indicates continuity between MO-I, 
MO 1-6 and all other sites. Thus it seems that descendents of the Chinchorro were still 
living along the coast around 1000 BC, but some must have migrated inland along the 
river valleys becoming agriculturists and pastoralists. Similar to the grouped and male 
patterns, PLM 7 shows significant distances from some of the inland sites, but is related 
to PLM 4. The s%niflcant differences observed between PLM 7 and the inland sites 
suggest an influx o f male individuals interbreeding with female Chinchorro descendents. 
Descendents from this group then mixed with inland populations returning to the coast
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developing into the D. Regional population at the site PLM 4. These results also suggest 
a continuous interaction between female inland and coastal groups across all time 
periods, with the exception o f PLM 7 and some of the inland sites. One explanation for 
this could be that a new population from the El Laucho culture migrated into the coastal 
region around 500 BC forming the sites o f PLM 7. This group remained distinct from 
contemporaneous inland populations such as those from the she of AZ-70. Only after 
several generations o f interbreeding did these two populations appear to converge 
genetically. After this blending the low, non-signifrcant distances between PLM 4 and all 
other shes suggest ftirther continuhy.
This trend can readily be seen in the Penrose dendrogram (Figure 38: Appendix X).
The first and second clusters identify close links between the following sites PLM 4, AZ- 
71, and MO-1, MO 1-6. This suggests a large degree of affinhy between these shes. The 
third cluster forms a separate cluster linking AZ-140 and AZ-6. The fourth cluster links 
PLM 7 at a distance whh the first cluster. This linkage reflects the inhial patterning 
showing the two AZ-140 and AZ-6 are different from PLM 7 and thus are somewhat 
more separated fit>m the other shes. The final cluster links the two separate branches.
The same general pattern is shown in the Mahalanobis dendrogram (Figure 41: 
Appendix X). The first and second cluster again closely links MO-I, MO 1-6, AZ-71 and 
PLM 4. This pattern suggests a strong afBnhy between early to late coastal and inland 
populations. The third cluster links AZ-140 to the first cluster. The fourth cluster links 
PLM 7 with the earlier clusters at a distance, and the fifth cluster links AZ-6 separate 
from the other clusters. Although general continuity is suggested by this patterning, the
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linkage of AZ-6 as separate from the other sites may indicate populations from AZ-6 had 
a greater interactions (gene flow) whh populations outside of the valley.
When conqxared to the aforementioned five models, the pattern emerging from the 
female distances corresponds to the second model poshing coastal and inland interaction 
and gene flow (biological continuhy). Therefore the data suggest that Azapa valley 
females can be essentially be considered as a single population, reflecting constant and 
continuous genetic exchange between populations. However, the role played by PLM 7 
still remains uncertain, because this she exhibhs large and significant distances from AZ- 
140 and AZ-6, and at times AZ-71 but none of the other shes. One possible explanation 
could be that this reflects the appearance o f external or foreign genes into the Azapa 
valley region around SCO BC. If correct, the new genes must have come from male 
individuals, because only they show significant differences for every she except PLM 4 
for Penrose distances. Therefore, PLM 4 may represent a descendent population 
combining genetic material from both coastal and inland populations o f the early, middle, 
and late periods o f Aztq» valley biological history.
3 Measures Distance Interpretations 
Grouped Data
Next, the Penrose and Mahalanobis 3 Measures grouped distances were examined 
(Tables 28-29: Appendix IX). Generally, the 3 Measures patterns are similar to those 
suggested by the MPR distances. MO-1, MO 1-6 once again is noted as being different 
from PLM 7, and AZ-6 for Penrose, but also AZ-140 for Mahalanobis. Different from the 
MPR analysis, PLM 7 displays high and significant distances for each of the other shes
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including PLM 4. The distances displayed between PLM 4 and PLM 7 for both the 
Penrose and Mahalanobis distances though, are small at .78 and .54. The remaining sites 
PLM 4, AZ-71, AZ-140, and AZ-6 are all closely related for the Penrose distances. This 
pattern echoes the earlier patterns of late continuity previously indicated. Mahalanobis 
distances for PLM 4 exhibit significant differences between AZ-140 and AZ-6, which do 
not support the pattern o f continuity. These resuhs suggest MO-1, MO 1-6 and PLM 4 
are both possibly different from AZ-6 and AZ-140. PLM 7, however, demonstrates a 
different pattern. No relationships are shown between this she and any of the others. 
Therefore, PLM 7 must be considered as an intrusive population into the coastal region. 
PLM 4 is definhely related to AZ-71, and possibly more distantly to AZ-140 and AZ-6. 
The inland shes o f AZ-140 and AZ-6 can be interpreted as either being related to PLM 4 
from Penrose or as indicating a separate inland population grouping with AZ-71 as 
suggested by the Mahalanobis distances. All of the late period inland shes are once again 
closely related suggesting strong affinhies.
Examination o f the Penrose dendrogram may make this pattern more understandable 
(Figure 36: Appendix X). The first cluster links PLM 4 and AZ-71. This echoes many of 
the MPR findings suggesting very close affinities between these two shes. The second 
cluster forms a new branch linking AZ-140 and AZ-6. The third cluster link MO-I, MO 
1-6 whh the first cluster. Here there are two clusters one suggesting a continuity from the 
early coastal through late coastal-inland population, and a second separating out two of 
the inland shes which may show increased gene flow and interaction whh population 
external to the valley. The fourth cluster link the two previous branches, while the fifth 
cluster links PLM 7 to the other shes are the greatest possible distance. This linkage
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patterning strongly suggests that the PLM 7 populations were not an original population 
o f the Azapa valley but represent a population that migrated into the coastal region 
between 1000 -  500 BC.
The Mahalanobis dendrogram displays a very similar pattern only with different 
linkages (Figure 39: Appendix X). The first and second clusters link AZ-140 and AZ-6 in 
one branch and MO-1, MO 1-6 and PLM 4 in a separate branch. Here there is a 
suggestion o f separation between coastal and inland populations. The third cluster links 
AZ-71 to the MO-1, MO 1-6 and PLM 4 cluster. This linkage refutes differences between 
the coast and inland population, instead suggesting affinity between early coastal and late 
coastal-inland populations like MPR distances. The fourth cluster links the two separate 
branches together fiir from the previous clusters. This once again suggests that there is 
some differences between some o f the late inland sites and the early to late coastal 
populations. The final cluster again separates PLM 7 from the other sites. It is highly 
probably that PLM 7 reflects the presence o f a new population in the Azapa valley at 
around 500 BC migrating into the coastal region remaining distinct from all later groups 
examined during the present research. At some later point inland groups migrated back to 
the coast around AD 1000 replacing the PLM 7 populations or interbreeding whh their 
descendents.
The fourth model, suggesting early interaction and late isolation is most able to 
explain this pattern. The clustering o f MO-1, MO 1-6, PLM 4, and AZ-71 suggests 
coastal-valley continuity from the early through late periods. Although these sites are 
separated by thousands o f years, there must have been some mode by which genetic 
material passed from one generation to the next. Possibly similar to the MPR pattern
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suggested above, descendents o f the Chinchorro may have moved inland developing 
agricuhute and pastoralism only to have their descendent migrate back to the coast for 
marine resources. While the separate clustering of AZ-140, AZ-6 and PLM 7 suggest the 
possibility o f separated groups from SCO BC onwards within the valley.
Male Data
Male 3 Measures Penrose and Mahalanobis distances indicate results that differ from 
the grouped analysis (Tables 28-29: Appendix IX). Penrose distances indicate that MO-1, 
MO 1-6 is only significantly different from AZ-71. This is odd since in the prior analyses 
these sites were identified as being closely related. PLM 7 is shown as being different 
from all groups except MO-1, MO 1-6. Again this is odd since the previous analysis 
suggested that PLM 7 was different from all groups except PLM 4. PLM 4, however, is 
not significantly different from all groups except PLM 7. Comparing the late inland 
groups, all are related to each other except for AZ-71 and AZ-140.
These distances present contradktoiy results to the previous models and are hard to 
interpret. Examination of the Penrose dendrogram may help to elucidate the patterns. 
(Figure 37: Appendix X). The first cluster and second clusters link AZ-71 and AZ-6 on 
one branch, and MO-1, MO 1-6, and PLM 4 on another. The third cluster links the first 
two branches. These clusterings suggest a pattern of early to late coastal and inland 
continuity. The next cluster links AZ-140 to the previous clusters, suggesting AZ-140 is 
distantly related to the other sites. The final cluster links PLM 7 to the previous clusters. 
Once more the separation of PLM 7 from all of the other sites suggests the El Laucho 
cultural group is very distinct from the valley’s other populations.
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Mahalanobis distances suggest an entirely different pattern than the Penrose distances 
(Tables 28-29: Appendix IX). MO-1, MO 1-6 is only significantly different from PLM 7. 
but none of the other sites. Therefore, there is a link between the early coast and late 
coast, but not the middle coast site o f PLM 7. That means that there must be some other 
mode for the transmission of early genetic material to later sites, possibly through inland 
populations the relationships suggested between MO-1, MO 1-6 and the inland sites.
PLM 7 is significantly different from MO-1, MO 1-6, PLM 4, and AZ-140 but none of 
the other sites. This interesting since it suggested Cabuza ties with the El Laucho culture. 
PLM 4 is significantly different from only AZ-140 and PLM 7. AZ-140 is also 
significantly different from AZ-71 and AZ-6. This indicates a separation between 
Maytas-Chiribaya and Cabuza cultural groups. These relationships are complex, and a 
visual depiction of these distances may aid in recognizing the patterns suggested by these 
distances.
Examination of the Mahalanobis dendrogram may help to discern some pattern (Figure 
40: Appendix X). The first and second clusters link AZ-71, AZ-6, and PLM 4. The third 
cluster links MO-1, MO 1-6 to the first and second clusters. These linkages suggest early 
to late continuity among valley populations. The fourth cluster links AZ-140 to the 
previous clusters, suggesting this she is more distantly related to the other valley shes.
The fifth cluster links PLM 7 to the previous clusters as a separate group. The pattern 
suggested here is that o f early to late coastal-inland continuhy, where the Maytas- 
Chiribaya finm AZ-140 may have diqtlayed greater interaction whh populations outside 
of the valley. Also the separation o f PLM 7 from all the other groups is similar to the 
earlier analyses.
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These results suggest general continuity between early to late coastal-inland 
population for both the Penrose and Mahalanobis distances. Both distance methods 
separate out AZ-140 as distinct from the other groups. indicatii% possible external 
interactions with the Maytas-Chiribaya cultural groups from this site. Additionally each 
method separates out the PLM 7 groups as being different from the others, again 
suggesting an alternate origin for this population than the others.
The models most able to accurately represent these results are the second suggesting 
continual inland and coastal interaction through time, and the fourth indicating early 
interaction and late isolation. The results clustering MO-1, MO 1-6, PLM 4, AZ-6, and 
AZ-71 suggest the second model, where Chinchorro genetic material was maintained 
through the later Cabuza and D. Regional cultures. The fourth model is suggested by the 
distinct separation of PLM 7 and AZ-140 from the other sites. PLM 7 would have to 
either represent an external population, or isolated original population. AZ-140 is 
distinctly separate from the other groups, but is also more related to them than PLM 7. 
This site could represent a population, which interacted with populations outside of the 
valley.
Female Data
Female 3 Measures for both Penrose and Mahalanobis distances (Tables 28-29 
Appendix IX) conqwre fevorably whh the patterns suggested in the preceding MPR 
female analysis. MO-1, MO 1-6 exhibit small and non significant distances across all 
shes except AZ-6. PLM 7 exhibhs non-significant distances for all shes except AZ-140 
and AZ-6. PLM 4 again shows non-significant distances when conqured to all other 
shes. The inland shes AZ-71, AZ-140, and AZ-6 once more show very close affinhies.
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These results closely mimic the MPR results, suggesting a general continuity from early 
to late coastal-inland Aztqia valley populations. The Cabuza site of AZ-6 is not related to 
MO-I, MO 1-6 indicating that this she was either isolated or had contact with external 
populations or at least greater relations than the other valley shes. Yet, since AZ-6 is 
related to the other inland shes, this population probably had a higher level o f interaction 
whh populations outside of the valley. Similar to the preceding analysis, PLM 7 shows 
significant differences from two of the three inland sites, suggesting that this population 
is distinct from them, yet not PLM 4 and AZ-71. These facts suggest that PLM 7 
represent ancestors o f the PLM 4 populations, who may have mixed at some time whh 
inland populations from such shes as AZ-71.
The Penrose dendrogram shows this pattern very well (Figure 38: Appendix X). The 
first cluster links PLM 4 with AZ-71, indicating a high degree of affinity between these 
sites. The second cluster links MO-1, MO 1-6 whh the first, suggestif^ a relationship 
between early and late coastal and inland populations. The third cluster links AZ-140 and 
AZ-6 on a separate branch, suggesting the possibly of increased external interactions for 
these shes. The fourth cluster links PLM 7 whh the first cluster, indicating relationships 
between early, middle, and late coastal shes, and at least one if not two of the inland shes. 
This argues for continuhy across all periods in the valley. The fifth cluster links to the 
two separate branches at the further possible distance.
The Mahalanobis dendrogram exhibhs a pattern very similar that o f the Penrose 
dendrogram (Figure 41: Appendix X). The first cluster again links PLM 4 whh AZ-71, 
once more suggesting strong afiinhies between these two shes. The second cluster 
closely links MO-1, MO 1-6 whh the first, suggesting relationships between early and
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late coastal and inland populations. The third cluster next links AZ-140 to the earlier 
clusters. The fourth cluster links PLM 7 to the previous clusters as some distance, 
indicating relationships between the early, middle, and late coastal sites, and some o f the 
inland sites. This argues for continuity across all time period within the valley. The fifth 
cluster links AZ-6 as a separate group, suggesting increased relations between the Cabuza 
populations and populations external of the valley.
Again the model that best encompasses these patterns is the second, suggesting coastal 
and inland interactions or biological continuity. A majority of the sites indicate continuity 
from early coastal to late coastal and inland sites. Therefore, the female populations of 
the Azapa valley, similar to the MPR analysis can be considered as a single population. 
The only perturbations in this model are observed in the significant differences between 
the sites AZ-6, AZ-140 and both MO-I, MO 1-6, and PLM 7. In general, however, 
female distances exhibit a great deal of continuity, while males distances are more 
variable. This corresponds to the MPR pattern suggesting an influx of new male 
individuals migrating into the coastal region around SCO BC. These new males interbred 
with females descended from the Chinchorro leading to the PLM 7 population, yet 
remained distinct from contemporaneous populations. Descendents of the PLM 7 
populations must have mixed with inland populations similar to those from AZ-71 
migrating back to the coastal region around AD 1000 forming the population at PLM 4. 
AZ-6 and AZ-140 are related to PLM 4, but AZ-6 is separate from both MO-1, MO 1-6 
and PLM 7, while AZ-140 is only separate from PLM 7. This discontinuity between AZ- 
6 and MO-1, MO 1-6 may be related to genetic drift over 2500 years that separate these 
two sites, or it could reflect increased external contacts for the Cabuza at AZ-6. The
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differences between AZ-140, AZ-6 and PLM 7 probably relate to interbreeding of MO-1, 
MO 1-6 descendents and outsider males from PLM 7, causing a short term genetic drift in 
these populations until approximately 1000 AD when inland populations moved back to 
the coast and interbreeding with PLM 7.
CRS Distance Interpretations 
Grouped Data
Turning to the CRS grouped Penrose and Mahalanobis distances a pattern different 
from the MPR and 3 Measures distances emerges (Tables 30-31 Appendix IX). Penrose 
distances indicate that MO-I, MO 1-6 exhibit large significant distances from all sites 
except PLM 4. This is troublesome since roughly 3000 years separate these two sites, but 
no mode for the transmission of genetic material between these two sites is available.
PLM 7 exhibits large significant distances from all sites but PLM 4. Similar to the MPR 
and 3 Measures patterns, these results suggest that the El Laucho populations from PLM 
7 possessed an alternate origin from the other valley populations yet were ancestors o f the 
D. Regional culture. PLM 4 displays low, non-significant distances from all sites except 
AZ-6. AZ-71 and AZ-140 show close afilnities, but AZ-6 exhibits large significant 
distances from both o f the other inland sites.
Mahalanobis distances, however, indicate that MO-1, MO 1-6 is different from all 
other sites in the region. These results suggest that the Chinchorro were a distinct 
population from all subsequent valley populations. The site of PLM 7 also shows 
significant differences from each of the valley’s sites. This pattern also suggests that the 
El Laucho populations were distinct from all preceding and subsequent populations. PLM
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4, however, is significantly different from all sites except AZ-71. Therefore the CRS 
distances suggest a similar pattern to the MPR and 3 Measures distances of partial late 
coastal-inland continuity. Unlike many of the previous analyses, this similarity between 
coastal and inland populations can not be extended to other inland populations. AZ-71 is 
related to AZ-140, but not AZ-6. Additionally AZ-140 is not related to AZ-6. Thus, it 
seems that AZ-6 is different from all o f the valley’s populations.
Both the Penrose and Mahalanobis distances suggest that AZ-6 is a distinct entity from 
the other Azapa valley sites. This argues for a separate origin for this Cabuza cultural 
groups from this she. This is troubling, since the MPR and 3 Measures analyses generally 
suggest that all of the late inland shes shared close affinities. Even more troubling is the 
fact that the two contenqx>raneous Cabuza shes of AZ-6 and AZ-71 are identified as 
significantly different, which should not occur if they represent the same cultural phase.
It is possible that the Cabuza from AZ-6 were ehher an entirely different group from AZ- 
71 or they could have just had a greater interaction whh populations outside of the valley.
Examining the Penrose dendrogram may further explain this patterning (Figure 36; 
Appendix X). The first cluster links PLM 4 and AZ-71 echoing the MPR and 3 Measures 
patterns, indicating strong affinities between these sites. The second cluster links AZ-140 
whh the first cluster. The third cluster links MO-1, MO 1-6 to PLM 7 in a branch 
separated from the first and second clusters. This early linkage of MO-I, MO 1-6 to PLM 
7 is very confush%. There are large significant distances between these two shes at the P 
< 0.01 level yet this pattern may indicate some form o f coastal versus inland separatkm. 
In the fourth cluster, the two separate branches are combined. The fifth cluster and final
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cluster links AZ-6 to the other sites, further suggesting that this site may have been 
isolated or had a different origin than other contemporaneous inland and coastal sites.
The Mahalanobis dendrogram pattern suggests a similar but modified pattern (Figure 
39; Appendix X). The sites of AZ-6 and AZ-71 are linked in the first cluster. This initial 
linkage is very odd since AZ-6 was identified as being significantly different from all of 
the other valley sites including AZ-71. The second cluster links PLM 4 with the previous 
clusters. Thus it appears that from almost every analysis that PLM 4 and AZ-71 are 
closely linked in the first or second clustering. The third cluster again links MO-I, MO 1- 
6 and PLM 7 in a branch separated from the first clusters. This linkage is very difficult to 
understand since both sites show significance differences at the P < 0.01 level. Possibly 
this linking relates to both sites being significantly different from all o f the other sites.
The fourth cluster links AZ-140 whh the initial cluster, and the fifth cluster combines the 
two separate branches.
It is difficult to draw an overall pattern from this data, since the Penrose and 
Mahalanobis distances are so different. Penrose distances support the third model 
suggesting early isolation and late interaction by clustering the early and middle period 
coastal shes of MO-I, MO 1-6 and PLM 7 in a branch separate from the others.
However, since they are significantly different from each other, the only possible 
explanation for this situation is to hypothesize two separate coastal populations 
Chinchorro and El Laucho migrated into the region one following the other. These 
coastal groups remained distinct from all o f the inland groups until around 1000 AD, 
when descendents o f the original Chinchorro population migrated back to the coast, 
interbreeding both whh the descendents of PLM 7 populations and inland groups from
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such sites as AZ-71 who were also migrating back to the coast. This mixing eventually 
resulted in the populations of PLM 4. Simultaneously as this three groups mixed there 
was a separate inland group from AZ-6 that probably had a greater interaction with 
populations outside o f the valley, resulting in the she possessing greater differences from 
all o f the other valley shes. Granted, this is a very complex and highly improbably series 
of events, but h one possible interpretation that can be drawn from the available data.
Mahalanobis distances suggest a model more like the first or fifth suggesting either 
separate inland and coastal groups or random interactions without a defined pattern. The 
fact that three o f the shes MO-1, MO 1-6, PLM 7, and AZ-6 are suggested as having no 
relationships to the other shes is suggestive several population waves nwving into the 
region as time progressed. This pattern reflects series o f separate coastal and inland 
populations that never exchanged genetic material. Defining the origin for each of these 
waves is beyond the scope of this paper, but during later period there seem to be some 
correspondence between coastal and inland population from the shes o f PLM 4 and AZ- 
71 . This could reflect a migration of inland population towards the coast with the goal of 
explohing maritime resources possibly due to some environmental or population 
pressure. The separate inland site of AZ-6 may represent a Cabuza colony that interacted 
whh populations outside of the valley more than the other late shes.
Male Data
Interpretation of Male Penrose and Mahalanobis CRS distances provides a different 
view of A z ^  valley biological relationships (Tables 30-31: Appendix IX). Penrose 
distances indicate relationships between MO-1, MO 1-6, PLM 7, and PLM 4. The MO-1, 
MO 1-6 shes, however, are significantly different from the each of the inland shes.
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Distances indicate PLM 7 is also significantly different from all the inland sites, but 
similar to MO-1, MO 1-6 and PLM 4. PLM 4 is related to each coastal site, but only two 
inland sites AZ-71, AZ-140. The high degree of affinity between PLM 4 and AZ-71 is 
once more suggested by this data. The she of AZ-6 exhibits large significant distances 
from all sites except AZ-71 the other Cabuza site.
Mahalanobis distances suggest that MO-1, MO 1-6 is different from PLM 7 and AZ-6, 
but similar to PLM 4, AZ-71, and AZ-140. This is an entirely different pattern from the 
Penrose distances. PLM 7 exhibhs relationships only to the she of PLM 4, once again 
different from the Penrose pattern. Similar to Penrose, PLM 4 is related to each of the 
coastal shes, but only the inland sites o f AZ-71 and AZ-140, not AZ-6. Thus the 
similarity between PLM 7 and AZ-71 is supported by this data. Each of the late inland 
sites AZ-71, AZ-140, and AZ-6 exhibh strong affinities to each other.
These distances are puzzling and examination of the Penrose dendrogram may help to 
clarify relationships (Figure 37: Appendix X). The first cluster links PLM 7 and PLM 4, 
suggesting middle to late coastal continuhy. The second cluster forms a separate branch 
clustering AZ-71 and AZ-6 together. The third cluster links MO-1, MO 1-6 whh the other 
coastal sites, further supporting the concept o f coastal continuity. The fourth cluster links 
AZ-140 to the other inland shes. At this point all of the shes have been clustered. One 
branch suggests coastal continuity while the other suggests inland continuity. The final 
cluster distantly links the two separate branches. The general Penrose pattern suggests 
that there were separate coastal and inland tradhions.
Examination o f the Mahalanobis dendrogram shows a slightly ahered pattern (Figure 
40: Appendix X). The first cluster links AZ-71 and AZ-140, while the second cluster
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links PLM 4 to the first cluster. Here the close relationship between PLM 7 and AZ-71 is 
indicated similar to the MPR and 3 Measures patterns. The third cluster links AZ-6 to the 
other previous clusters. All o f the late sites have been clustered as point suggesting late 
continuity. The fourth cluster creates a separate branch linking MO-1, MO 1-6 and PLM 
7, suggesting coastal continuity. This is perplexing since there are significant differences 
between MO-1, MO 1-6 and PLM 7 at the P < 0.05 level. The fifth cluster distantly links 
the two separate branches. The general Mahalanobis pattern suggests some form early 
continuity between MO-I, MO 1-6 and PLM 7 followed by late coastal-inland continuity.
The models which can explain these patterns are the first, positing separate coastal and 
inland continuity or isolation and the third, positing early isolation and late interaction. 
The first model can be discerned from the Penrose dendrogram exhibiting two main 
clusters, one for the coastal sites o f MO-I, MO 1-6, PLM 7, and PLM 4 and another for 
the inland sites o f AZ-71, AZ-140, and AZ-6. Mahalanobis distances suggest the third 
model, in which the early and middle coastal sites are linked, but later coastal and inland 
sites are more related to each other but not the earlier coastal sites. Therefore, the male 
Penrose and Mahalanobis distances once again show a schism between the methods, also 
suggesting there are problem inherent in using the CRS measurements.
Female Data
Female CRS Penrose and Mahalanobis distances exhibit a pattern different from the 
grouped and male distances (Tables 30-31 : Appendix IX). Penrose distances suggest that 
MO-1, MO 1-6 exhibits small non-significant distances between the sites o f PLM 7, PLM 
4, and AZ-71, but large significant distances between the sites o f AZ-140 and AZ-6. This 
pattern is similar to those of the previous MPR and 3 Measures female distances.
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suggesting partial coastal and inland continuity. PLM 7 is identified as being not 
significantly different from MO-1, MO 1-6 and PLM 4. This suggests possible separate 
inland groups as shown by the sites o f AZ-6 and AZ-140. PLM 4 similar to the earlier 
female analyses presents no differences between any of the other sites, suggesting both 
coastal and inland continuity across all time periods. Among the inland sites there are no 
significant differences except between AZ-71 and AZ-6, which as has been previously 
mentioned should not iuqipen since both groups represent Cabuza cultural groups.
Mahalanobis distances suggest patterns similar to the previous Penrose distances. MO- 
1, MO 1-6 displays non-significant differences between the other coastal sites o f PLM 7 
and PLM 4, but significantly different distances from all o f the inland sites AZ-140, AZ- 
71, and AZ-6. This pattern is suggestive o f separate coastal and inland groups. PLM 7, 
however, displays non significant distances from PLM 4 and AZ-71, but significant 
distances from AZ-140 and AZ-6. These results suggest continuity between some middle 
and late period coastal and inland groups. Similar to the previous Penrose distances, PLM 
4 show no significant differences from all other groups. Among the inland sites AZ-71 is 
related to AZ-140 and AZ-6. The she of AZ-140, however, is only significantly different 
from AZ-6. In this case the two Cabuza shes of AZ-71 and AZ-6 are both shown to be 
similar, as would be expected. The overall pattern, which can be drawn from the female 
Penrose and Mahalanobis distances suggest either separate coastal and inland groups or 
early isolation and middle to late period continuhy among valley shes.
Examining the Penrose dendrogram can help to clarify which pattern is more reliable 
(Figure 38: Appendix X). The first and second cluster link PLM 4, AZ-71, and AZ-140 at 
the same level. Here the close relationship between PLM 4 and AZ-71 is one more
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indicated. The third cluster links MO-1, MO 1-6 and PLM 7 on a separate branch. 
Although these two sites are significantly different from one another, it is possible that 
this linkage reflects their general distance from the inland sites. The fourth cluster links 
the two separate Inranches. Thus an affinity is shown between the early and middle 
coastal shes similar to the female MPR and 3 Measures patterns. The fifth and final 
cluster links AZ-6 to the early clusters. Similar to the other CRS Penrose patterns AZ-6 is 
separated from the other groups suggesting increased interactions for this site.
The Mahalanobis dendrogram exhibits a conqiarable pattern to the Penrose 
dendrogram (Figure 39: Appendix X). The first cluster links PLM 4 and AZ-71, similar 
to many o f the previous analyses suggested a strong affinhy between these sites. The 
second cluster links AZ-140 to the first cluster. The third cluster links PLM 7 with the 
previous clusters. This is an intriguing linkage since many of the other analyses ehher 
separated PLM 7 from the other sites or linked PLM 7 whh MO-1, MO 1-6. The fourth 
cluster links AZ-6 to the other clusters, suggesting continuity among the early and middle 
sites, different from the Penrose distances. The fifth cluster distantly links MO-1, MO 1-6 
to the other shes. This indicates that MO-1, MO 1-6 is more distinct than the other valley 
groups.
These clusterings suggest two patterns. Penrose distances suggest an early to middle 
period continuhy along the coast, with later interaction and continuhy between the 
coastal and inland populations as indicated by the third model. The site o f AZ-6, 
however, does not fellow this pattern, possibly indicating increased gene flow between 
AZ-6 and populations outside o f the valley. The Mahalanobis distance results suggest an 
early coastal continuity that is later altered by relationships with interactions among PLM
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7 and the inland site of AZ-71. Later continuity increases to encompass all inland sites 
and PLM 4. Yet some differences are suggested between AZ-140 and AZ-6. Although 
AZ-6 is related to AZ-71, there is some indication that this site may have had increased 
gene flow with populations outside of the valley.
When these disparate threads o f evidence are combined one of the general models can 
be used to explain most results. The third model which posits early isolation and late 
interaction, can be used to explain both the Penrose and Mahalanobis distances. The 
overall continuity between each of the coastal populations and the significant differences 
between the early and middle coastal sites and most o f the late inland sites suggest the 
third model. It appears that around 500 BC interaction initiated between the shes o f PLM 
7 and AZ-71. Yet, distance was maintained between the PLM 7 and the other inland sites. 
In the period following AD 1000, continuity increases to include all o f the late coastal 
and inland sites. Among the inland sites AZ-140 is seem to be separate from AZ-6. Yet, 
AZ-71 and AZ-6 are related to one another. This suggests that the site of AZ-6 may have 
had a greater gene flow with populations outside of the valley than other sites.
Comparison o f Distance Interpretations 
The preceding analysis indicates that the MPR and 3 Measures Penrose and 
Mahalanobis distance interpretations are generally conqrarable across grouped, male, and 
female data. Therefore the high correlations between Penrose and Mahalanobis distances 
for each measurement set can be supported. The CRS Penrose and Mahalanobis distance 
interpretations, however, present more contrasting interpretations across the grouped, 
male and female data subsets. These results suggest that the low correlations calculated
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between the Penrose and Mahalanobis distances are also accurate. Each measurement set 
MPR, 3 Measures, and CRS calculated distances for grouped data that do not agree with 
the separated male and female distance interpretations. Male distances, however, 
generally seem more similar to the grouped distances than the female distances.
Therefore, additional support is given to use of only male and female distances and not 
grouped distances. Given that the male and female interpretations are different, use of 
grouped distances will certainly obscure relationships associated with such cultural 
practices as marriage patterns, bride/groom exchange, residence patterns 
(matriiocal/patrilocal), endogamy, and exogamy which may be exhibited in the sex 
separated distances. Noting this, the following analysis will only compare the general 
patterns, emerging from the male and female distance interpretation from each of the 
measurement sets.
One general pattern observed across all measurement sets is an increase in distance 
through time. This diachronic increase in distances appearing among the Azapa valley 
populations can best be explained by genetic drift and low levels o f gene flow over of a 
period of several millennia (Guillén, 1992; Rothhammer et al. 1984; Sutter, 2000). This 
increase in distances, however, should not result in significant distance differences over 
such a short time Significant differences that do appear, however, can be associated 
with the influx o f new genes into the valley by population migration or replacement.
Azapa valley Biological History 
MPR and 3 Measures distances 
The common pattern suggested by the MPR and 3 Measures distances suggests the
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second model o f continuous coastal and inland interaction or biological continuity. The 
continuity is greater among female populations than male populations, which are more 
variable. MO-1, MO 1-6, representing the Chinchorro from 6608-1765 BC can ostensibly 
be considered as the founding population of the Azapa valley. The goals of the present 
research preclude comment on the origins o f the Chinchorro (Ahiplano or Amazon) 
because no data from populations outside o f the valley was collected. Seemingly during 
the valley’s early history up to roughly 1000 BC population continuity along the coast 
was maintained for both males and females. Support for this assertion comes from 
archaeological excavations indicating only one cultural group was present in the valley 
during the early period. The period from 6000 to 1000 BC witnessed only minor 
alterations in Chinchorro material culture. Populations maintained a sedentary maritime 
subsistence using nets, harpoons, and fishhooks (cactus and bone), but not ceramics. 
Change occurred in mortuary practices shifting from elaborate artificial mummification 
to extended burials.
After 1000 BC, population movements increased within the valley. This is suggested 
by changes observed archaeoiogically during the Formative period (1500 BC-AD 500). 
Results from present analysis suggest that some male and female Chinchorro descendents 
may have migrated inland experimenting with agriculture during the middle period as 
suggested by low, non-significant distances between MO-1, MO 1-6 and the late inland 
site o f AZ-140 representing the Maytas-Chiribaya cultural group. However, there are few 
Formative period cemeteries available from inland contexts, which can be used to test 
this hypothesis. Two Alto Ramirez sites AZ-70 and AZ-14 from 490 BC were included 
as part of the deformation analysis, but did not possess large enough samples sizes to
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permit calculation o f biodistances. Yet, it is possible that Chinchorro descendents could 
have moved inland motivated by population or environmental pressures.
The male Chinchorro resuhs are a bit mixed, but in general seem to indicate a 
replacement by subsequent El Laucho populations. This replacement was either caused 
by the migration o f some Chinchorro out of the valley or by interpersonal violence 
between Chinchorro and El Laucho groups. Research results also suggest that female 
descendents from MO-1, MO 1-6 interbred with males the external population. As 
suggested by the male distances this may have happened if conflict occurred between the 
descendents of the Chinchorro and El Laucho, in which the El Laucho were victorious 
and killed a majority o f the Chinchorro males, taking Chinchorro females as prizes. 
Granted this is speculation, but can account for the results obtained and implies that a 
new population, possibly only males, migrated into the coast developing at the she of 
PLM 7 around 500 BC. Archaeoiogically there is some evidence to support this assertion 
of a new population.
Two distinct cultural tradhions have been identified from the Formative period. One is 
coastal and the other inland. On the coast two undecorated ceramic tradhions developed. 
The earliest is characterized by fiber-temper and is found in association with CAM 
15/15D (Faldas del Morro) shes from 2001-1297 BC. The other ceramic tradhion 
characterized by sand-tenqier is comes from the she of PLM 7 (El Laucho) from ca. 550 
BC. It is possible that the Faldas del Morro culture represents descendents of the 
Chinchorro who remaining on the coast and the El Laucho represent a new population 
migrating into the coastal region from some other area. Burials from both coastal groups 
are characterized by extended or flexed burials o f individuals wrapped in mats with few
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
139
grave good mostly utilitarian in nature (fishing tackle) reflecting a reliance maritime 
subsistence. Inland sites from AZ-70, AZ-14, AZ-llS, and AZ7S/7SD/7SE (ca 550 BC- 
AD 600) representing the Azapa and Alto Ramirez cultures practiced a mixed maritime 
and agricultural subsistence. Inland groups also possessed undecorated ceramics that 
were both sand and quartzite tempered having been fired in excess of 500°C. The 
mortuary practices o f inland groups were also distinct from the coastal populations.
Irdand burials were tumulos (mounds) into which individuals wrapped in mats laying 
flexed on their sides were interred. Grave good often included utilitarian (digging sticks) 
and non-utilitarian items (food offerings, trophy heads). It is possible as suggested by the 
generalized distances that these inland groups were descendents of Chinchorro 
populations that moved inland and developed agriculture, yet still relied on some 
maritime products obtaining them through trading with Faldas del Morro populations.
The inland groups developed through the influence from extra-valley populations or 
developed independently. Nevertheless, during the middle period there are two distinct 
cultural groups, and it is possible that the El Laucho peoples were an immigrant 
population that mixed with Faldas del Morro, Chinchorro descendents on the coast, but 
remained separate from inland populations during several hundred years.
Whether the El Laucho displaced southward along the Peruvian coast, northward 
along the Southern Chilean coast, or moved inland from another area can not be 
determined from the available data. However, it seems that coastal and inland populations 
maintained distinct identities up to roughly AD 1000 or the late period signaled by high, 
significant distances between PLM 7, AZ-140, and AZ-6 for males and females. After 
AD 1000 late inland populations possibly from AZ-71 representing the a Cabuza culture
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migrated beck to the coast and mixed or interacted with El Laucho descendents from 
PLM 7 from the D. Regional populations from PLM 4. There is no archaeological 
evidence for this, but the affinities shown between PLM 7, PLM 4, and AZ-71 suggest 
that it is plausible.
The Middle Horizon (AD 750-1100) and Later Intermediate (950-1476) or late period 
is characterized by rise and then decline of Tiwanaku influence on the Azapa valley and 
the subsequent development of regional cultural traditions. Tiwanaku influence is 
suggested by presence o f distinctive Tiwanaku IV and V ceramics and textiles in burial 
contexts from AZ-6, AZ-71, and AZ-75. One cultural group that either developed during 
this period, which was influenced by the Tiwanaku, is the Cabuza. Cabuza sites such as 
AZ-6 and AZ-71 are characterized by a ceramic tradition that has black-on-red colors 
with geometric designs. Populations from these sites were agriculturists cultivating 
maize, sweet potatoes, squash, and coca. Burials from this period shifted once again, 
tumulos 6ded and bundle burials o f flexed bodies wrapped in woolen shirts become 
common. After the decline of Tiwanaku, regional traditions develop. One of these 
patterns is the Gentilar, characterized by very refined thin walled ceramics. Decorations 
include black, white, and red on a smooth red slip with geometric, anthropomorphic, or 
zoomorphic designs. Another ceramic tradition developing during this period is the 
Maytas-Chiribaya characterized by black and white designs on red slips decorated with 
triangles, undulating lines, and concentric geometric designs. It is possible that this 
tradition is influence from South Peru, Ilo-Cabuza ceramics. Mortuary practices from 
AZ-6 and AZ-71 are characterized by single flexed burials where the individual is 
wrapped in one or two woolen shirts and placed in a sandy pit. The she of AZ-140 shows
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a gender difference in grave offerings. Males have fishing tackle, model boats, food 
offering, while females are acconq>anied by weaving kits and materials for the production 
of textiles. These sites general suggest a mixed agromaritime subsistence base. The 
coastal site PLM 4 from the late period relied on maritime subsistence yet also shows a 
gender division in grave offerings. These archaeological findings suggest that although 
there is a diversity of groups during the late period, they seem to be linked by a general 
reliance on maritime products. This explains the PLM 4, D. Regional population’s low. 
non-significant distances and affinities to most if not all o f the other inland sites. One of 
the inland sites, however, may have more interaction and gene flow than the other inland 
sites. The high, significant distances displayed by the Cabuza populations at AZ-6 
suggest possible interactions with populations outside the Azapa valley. This interaction 
was not significant enough make the AZ-6 population distinct from other coexisting 
inland populations, but does separate this site fiom some o f the earlier coastal 
populations. Support for this is found in the low, non-significant differences between the 
inland Cabuza shes of AZ-6 and AZ-71 and the Maytas Chiribaya she o f AZ-140.
CRS Distances
Alternatively the CRS Penrose and Mahalanobis distances suggest a pattern similar to 
the first model o f separate coastal and inland continuhy or isolation and third model 
poshing early isolation and late interaction. Generally, CRS distances indicate the early 
MO-1, MO 1-6 (Chinchorro) and middle PLM 7 (El Laucho) shes possess low, non­
significant distances for both male and female Penrose distances. For Mahalanobis 
distances however, results suggest continuhy among the coastal populations for females 
but not males. Mahalanobis male distances suggest separate origins for both the
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Chinchorro and El Laucho populations. Continuity and isolation between these sites 
would be legitimate if there is a link between Chinchorro, Faldas del Morro, and El 
Laucho populations, which is certainly possible. Although archaeological evidence 
suggests that PLM 7 and CAM IS/ISD groups possessed different ceramic traditions, this 
can easily be explained as the local evolution of pottery production techniques. Yet, it is 
difficult to reconcile the continuity between females and absolute divergence of males 
from the Mahalanobis distances. One of the simplest explanations could be that CRS 
Mahalanobis distances are distorted using affected measurements are larger than they 
would be is calculated using unaffected measurements.
Additionally, both MO-1, MO 1-6 and PLM 7 males and females display large, 
significant distances from the inland sites o f AZ-6, AZ-140 and at times AZ-71. These 
high, significant distances between sites suggest the first model of possible separate 
coastal and inland traditions isolated from one another from the early through later 
periods. Since archaeological evidence is absent from the early inland period, the 
distinction between the coast and inland populations requires further testing with 
adequate populations fixim AZ-70 and AZ-14 (Alto Ramirez) traditions and other inland 
populations contenqporaneous with PLM 7. However, it is highly unlikely to assume 
coastal and inland populations remained isolated up around AD 1000 when subsistence 
patterns from the earliest inland sites o f AZ-70 and AZ-14 exhibited a mix of agricultural 
and maritime products.
Further support for a coastal-inland distinction comes from the small non-significant 
distances present between MO-1, MO 1-6, PLM 7 and the late coastal she of PLM 4 (D. 
Regional). This indicates coastal continuity from the early through late periods. The low.
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non-significant distances among each of the inland sites AZ-71 (Cabuza), AZ-6 
(Cabuza), and AZ-140 (Maytas Chiribaya) support inland continuity among most of the 
female distances. There are some significant distances between male values however, 
which do not support a complete continuity. Specifically it seems as though males from 
the Cabuza sites o f AZ-71 and AZ-6 diverge from the other sites. Similar to coastal 
continuity, inland continuity requires additional testing with more inland sites before it 
can be fully supported.
The third model is suggested by the low, non-significant distances displayed between 
the four late period sites PLM 4 (D. Regional), AZ-71 (Cabuza), AZ-6 (Cabuza), and AZ- 
140 (Maytas-Chiribaya). This model is more supportable since archaeological 
excavations have indicated that all four sites relied on maritime subsistence to some 
degree. It is possible that the populations from these sites not only traded foods but also 
mates to aid in maintaining beneficial trading relationships between the differing cultural 
groups. However, as suggested above questions remain concerning the she of AZ-6 and 
the possibilhy of an increased gene flow between this site and populations outside of the 
A z^a valley. Although the Cabuza she of AZ-6 generally appears related to other late 
inland shes, there are several cases in which AZ-6 exhibits large, significant distances for 
both males and females. These differences are not supported across each of the CRS 
analyses, and may also represent an aberration or erroneous conclusion caused by the 
CRS measurement set.
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Comparison of MPR, 3 Measures, and CRS distances interpretations 
Conqjaring the MPR, 3 Measures and CRS interpretations o f Azapa valley biological 
history, surprising similarities and crucial distinctions emerge. The key similarity 
displayed across measurement sets is the close relationship between the late coastal site 
o f PLM 4 and the late inland site of AZ-71. Therefore, these two sites must possess a 
definitive relationship between the coastal and inland populations after roughly AD 1000. 
Lesser correspondences can be identified in the close affinity between all late sites, and 
the possibility o f gene flow with external groups at the Cabuza she of AZ-6. These 
similarities culminate in the assertion that each measurement set can discern some 
inherent patterns from the data. Yet, the MPR, 3 Measures and CRS distances resuh in 
vastly different interpretations o f early Azapa valley biological history. The MPR and 3 
Measures distances suggest the coastal and inland valley populations can generally be 
considered as one contiguous population from the early through late periods across both 
the Penrose and Mahalanobis distances. The disruptions to this continuhy come from the 
possible replacement of early Chinchorro males, the relationship between PLM 7 and 
several o f the late inland shes and the possible increased gene flow for AZ-6. The trends 
shown for the male and female data would assuredly have been obscured using pooled 
sex data.
The CRS distances are more varied and difficult to interpret than the MPR, 3 Measures 
distances. The general pattern suggested by a majority o f the previous analyses is that of 
separate inland and coastal tradhions, which interact, dmwing continuhy only during the 
late period. Yet, deciding upon the general pattern suggested by the CRS Penrose and 
Mahalanobis distances was problematic and other readers may possibly draw an
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alternative conclusion from the present data. Differences o f opinion, however, can most 
probably be ascribed to problems inherent in using the CRS measurement set. One likely 
explanation for the difference between MPR, 3 Measures and CRS interpretations may be 
related to the relationship between the three cranial types under examination. The CRS 
discriminant function plot Figure 34: Appendix VII suggests that annular crania are more 
separate from normal and anteroposterior crania. It is conceivable that populations with 
greater percentages o f annularly deformation crania would thus skew resulting 
biodistance interpretations, while interpretations developed from populations with higher 
percentages of anteroposterior deformation should be less distorted using the CRS 
measurements.
Support for this assertion can be found when the primary deformation for each sites 
are examined. The primary deformation exhibited by each of the three coastal sites MO- 
1, MO 1-6, PLM 7, and PLM4 is annular deformation, while the three inland sites AZ-71, 
AZ140, and AZ-6 primarily display anteroposterior deformations. Since, the CRS 
measurements separate annularly deformed crania from normal and anteroposterior 
crania (Figure 34: Appendix VII) it is logical to conclude that coastal sites would be more 
separated from inland sites. This is clearly shown in the significant distances shown 
between MO-1, MO 1-6, PLM 7, and all other sites except PLM 4. At the same time, this 
further supports the use of the MPR and 3 Measures measurements, which are not able to 
differentiate annular, anteroposterior, and normal crania (Figure 33 and 35: Appendix 
VII). It would seem that the MPR and 3 Measures measurements are more able to assess 
biological relationships independent o f effects from cranial deformation.
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CRS measurements develop biodistances that resuh in biological relationship 
interpretations varying from the MPR, 3 Measures interpretations. The differing 
interpretations o f coastal-valley biological history revolve around the relationship 
between early to middle coastal shes and the late inland shes. The entire population of the 
valley can either be considered as essentially the same, with the possible introduction 
during the middle period of new genetic material, or as two distinct populations one 
coastal and another inland, suggesting different populations interacted only during the 
period. Hence, conclusions derived from the ahemative methods are inconsistent if not 
contradictory. Given the preceding resuh concerning the effects of cranial deformation, 
and greater distinction o f annularly deformed crania when using the CRS measurements, 
only the MPR and 3 measure measurement sets can be supported for further use. The 
CRS measurement set needs further evaluation, yet may be more applicable to use on a 
case by case basis. One conceivable case in which the CRS measurements could be used 
is for studying populations which only normal and anteroposteriorly deformed crania.
Conquirison MPR, 3 Measures, and CRS distances to previous studies 
As previously mentioned the MPR, 3 Measures and CRS interpretation of Azapa 
valley biological relationships share both common and disparate components. However, 
the two overall patterns suggested by the methods are contradictory. This contradiction 
can reasonably be ascribed to the inclusion by CRS of measurements differentiating 
annular crania from normal and anteroposterior crania with greater focilhy than the MPR 
and 3 Measures measurements. Thus the MPR, 3 Measures interpretations are probably 
the most accurate, Wtich can be drawn from the presently available data. Comparing the
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MPR, 3 Measures interpretation with other models o f Azapa valley population 
relationships suggests varying degrees o f support and rejection for the MPR, 3 Measures 
and CRS models. Previous researchers, have used pooled sex data, and thus are unable to 
identify possible relationships discernable only in the male or female data. Nevertheless, 
conclusions presented by Guillén (1992) and Sutter (2000) suggesting general continuity 
among Azapa valley populations do support the MPR, 3 Measures findings for females. 
Neither of these researchers, however, suggests the possibility of an influx of new 
populations (males) at the site o f PLM 7 during the middle period. Sutter’s (2000) study 
of non-metric dental traits finds that Alto Ramirez (AZ-70) populations show affinities to 
MO-1, MO 1-6 and PLM 7 groups suggesting an inland migration of early populations 
and subsequent interaction. Some support is presented between the findings o f the 
Rothhammer et al. (1981) article and the MPR, 3 Measures model. Although many of the 
Mahalanobis distances presented by these authors are exceedingly high, and presumably 
all significant (no significance values are presented), there are lower values between the 
following sites PLM 7 (El Laucho), AZ-70 (Alto Ramirez), and PLM 4 (D. Regional). 
This supports the assertion of middle to late interaction between the populations of the 
coast (PLM 7) and inland (AZ-70), whose descendents became the PLM 4 population. 
Rothhammer et al. (1981) suggests that this relationship is greater for females, suggesting 
the possibility o f wife exchange between these groups. The remaining distances suggest 
distinct and significant differences between the early Chinchorro and all other 
populations. The other components o f the Rothhammer et al. (1981) model support the 
CRS interpretation presented above. This is not an unexpected result, given each set of 
distances was developed from similar measurements and by the same authors.
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A more recent effort by Rothhammer and Santoro (2000), however, presents 
conflicting results. Using seven measurements, five o f Cocilovo’s original measurements 
and two additional measurements considered unaffected by deformation, the authors posit 
late coastal and inland continuity. In regards to early coastal populations, however, Morro 
1 exhibits large distances between the other coastal sites o f PLM 7 and PLM 4, while 
displaying smaller distance between all inland sites. Although no significance values are 
presented, one could alternatively interpret this as suggesting partial continuity between 
the early coast and late inland populations. PLM 7 and PLM 4 are more related to each 
other than any o f the other sites, while all o f the late inland groups suggest continuity. 
Additionally, the similarity between PLM 4 and inland sites suggested by the present 
research is reduced. Yet, Rothhammer and Santoro (2000) suggest an interaction between 
AZ-70 and PLM 4 similar to Rothhammer et al. (1981). Tying together these disparate 
elements, the data suggests partial early coastal to late inland continuity. Middle to late 
coastal populations, though, represent a separate group vaguely linked to inland cultures 
by the sites of PLM 4 and AZ-70.
This pattern contradicts the MPR, 3 Measures model, but also contradicts the earlier 
model o f Rothhammer et al. (1981). The &ct that the same researchers do not find the 
same patterns fix>m the same data is extremely problematic and hints at even more severe 
methodological problems associated with the use of differing measurement sets 
significantly affected by deformation.
Although the MPR, 3 Measures interpretation presented above is supported by the 
research of Guillén (1992) and Sutter (20(M)), it must be considered provisional at present. 
Additional populations of adequate sanq>le sizes from within and without the Aziqn
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
149
valley must be investigated before the hypothesis presented here can be hilly supported, 
modified, or refuted.
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SUMMARY, CONCLUSIONS, AND RECCOMENDATIONS 
Deformation’s Effects on Cranial Measurements 
What effect does intentional cranial deformation (annular and anteroposterior) have on 
the facial skeleton and its commonly recorded measurements? According to the results of 
this research both deformation types result in significant, yet differing, modifications 
from normal, not only for the face, but also other regions o f the skull. Comparing normal 
cranial measurements with those collected from deformed crania, however, suggests that 
the effects o f deformation vary from one cranial region to another. A cascade of effects is 
the best way to visualize this regional deformation variability, as suggested by Cheverud 
and Midkiff (1992). The most severe effects occur at the primary source of deformation, 
the cranial vault. Anteroposterior deformation results in a reduction of cranial length and 
a consequent increase to cranial breadth. Annular deformation results in a constriction of 
cranial breadth with a consequent increase in cranial length. The general patterns 
associated with each type o f deformation are consistent with and support nearly a century 
of scientific inquiry into the practice o f intentional cranial deformation.
Shifting away from the primary she of deformation, the severity o f effects begins to 
diminish. Thus differences between normal and deformed cranial measurements are most 
apparent for vault measurements but are still apparent th o u ^  decreased in both &cial and
150
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mandibular measurements. Given that there is a significant relationship between the 
various components (tissue and bone) and regions of the maturing human skull 
(Lieberman et al., 2000; Moss, 1958), it is conceivable that deformation of any type may 
alter the relationships between all cranial components to some degree. The scale upon 
which these affects are exhibited, however, may be so minor as to become invisible to 
commonly available scientific instruments. Therefore, it should be possible to select 
craniometric measurements ostensibly unaffected by deformation.
The focial skeleton is one region where many researchers have searched for unaffected 
measurements, employing the assumption that the foce was less affected by deformation 
than other cranial regions. Specifically among South American populations, Cocilovo 
(1973,1975, and 1978) proposed that the following seven measurements were unaffected 
by deformation: minimum frontal breadth; bizygomatic breadth; orbital height; orbital 
breadth; palate (maxillo-alveolar) length; palate (maxillo-alveolar) breadth; and nasion- 
alveolar height. Then, the following three measurements were added by Cocilovo and 
others: basion-prosthion length; nasal height; and nasal breadth. Using various 
combinations o f these ten measurements, researchers such as Dittmar, Cocilovo, 
Rothhammer, and Silva have proceeded to reconstruct biological relationships among 
South American populations, emphasizing South Central Andean populations. The results 
of the present research, however, do not fully support all ten o f these measurements as 
being unaffected by deformation. Only two of Cocilovo’s original measurements orbital 
breadth' and palate (maxillo-alveolar) breadth and two of the three additional 
measurements nasal breadth and basion-prosthion length were validated as being 
unaffected during the present research. One o f Cocilovo’s ordinal measurements, palate
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(maxillo-alveolar) length, however, was excluded from the analysis due recording 
difficulties. Given the fact that this measurement has also been noted as difficult to 
measure and replicate in the past (Heathcote, 1981), it seems likely that this measurement 
is unsuitable for continued scientific use. The remaining focial measurements 
investigated including the other four measurements suggested by Cocilovo were found to 
exhibit significant differences between normal, annular, and anteroposterior crania. 
Therefore, the conclusions drawn from analyses using measurements affected by 
deformation have become questionable and uncertain as to their conclusions factuality 
certainty.
Affected Acial measurements present patterns similar to those observed in the vault 
for each deformation type. Anterposterior deformation resulted in the greatest width 
measurements and correspondingly the widest Aces, but also some larger height 
measurements. Annular deformation resulted in the narrowest widths and some of 
greatest height measurements, suggesting narrower and possibly taller faces than normal 
and anteroposterior crania. This pattern is supported by the research of Anton from 
(1989) who posited that, anteroposterior deformations result in wider Aces, while annular 
deformations result in narrower and taller Aces. Results from the present research 
indicate that taller Aces can be added to the list of effects caused anteroposterior 
deformation.
The unaffected measurements identified in this research were located around and 
along the mid-sagittal plane o f the Ace and cranial base, while affected measurements 
were associated with more peripheral cranial structures. This pattemh% is again 
supported by Anton’s (1989) assertion that more centrally positioned cranial structures
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exhibited reduced affects, while more peripheral structures displayed more severe affects 
from deformation. Additionally, several other measurements were identified as 
unaffected by deformation from the cranial base including foramen magnum breadth, 
foramen m%num length, and cranial base length. Many researchers have found 
significant modifications to the cranial base angle and other cranial angles caused by 
deformation. The scope of the present research, however, precluded fiill examination of 
this topic, but it is conceivable that deformation resulted in geometrical alterations to the 
relationships between the various cranial structures. However, this research also 
suggested that crania have a centrally located structural framework unaffected by 
deformation. The following seven centrally located Acial and basilar measurements: 
orbital breadth', palate (maxillo-alveolar) breadth, nasal breadth, basion-prosthion length, 
cranial base length, foramen magnum length, and foramen magnum breadth were the 
measurements identified as being unaffected by deformation. These measurements are 
suggested as a repAcement for Cocilovo’s measurement.
The last cranial region exhibiting modifications caused by the cascade of effects from
deformation, was the mandible, which showed only minor alterations. Only the
bicondylar breadth could be considered significantly affected by deformation. The reason
0
why this measurement was significantly affected reAtes to the association between the 
mandibular condyles and their articulation with the gknoid fossae of the cranium. 
BAuricuAr breadth, which approximates the location of the glenoid fossae, showed 
significant differences between deformation types. In order to maintain correct 
anatomical alignment o f the mandibular condyles requires a subsequent modification of
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the mandible. Anteroposterior crania exhibited wider bicondylar breadths, while annular 
crania dispAyed narrower bicondylar breadths in conqiarison to normal cranA.
Subsequent multiple comparison analyses yielded results, which suggested that 
alternative measurement sets could be developed to study popuAtions displaying only 
two types o f deformation. However, out o f the 27 measurements, only 12 were shown to 
be unaffected when normal, anteroposterior, and annular cranA were compared. Two of 
these measurements biorbital breadth' and mandibular breadth were identified as being 
unaffected during the ANOVA, but upon further analysis using a Bonferroni multiple 
comparisons analysis, each measurement dispAyed significant affects in one or more 
pair-wise comparisons. Among the ten remaining measurements, there were also three 
mandibular measurements. These measurements could have been used in the later 
analyses, but were excluded because their inclusion would have significantly reduced 
sample sizes because few cranA had all measurements available for the cranium and 
mandible. The seven remainmg measurements: paAte (maxillo-alveolar) breadth; orbital 
breadth'; nasal breadth; foramen m%num ler%th; foramen magnum breadth; basiorv- 
prosthAn tength; and cranial base length were the measurements chosen to use m all 
subsequent analyses.
Included among the seven measurements identified as unaffected by deformat An were 
four measurements that had prevAus been consAered unaffected by deformation m the 
research of CociAvo (1973, 1975, and 1978) and others. Only these four measurements 
out o f the nme exammed can be supported as unaffected by deformat An. Yet, the 
assumptAn made by prevAus researchers usmg CociAvo’s measurements was that all of 
the measurements remamed unaffected across all déformât An types. Examinât An of
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Cocilovo’s work showed that each paper investigated only one deformation type among 
Argentinean populatAns. The 1973 article examined anteroposterior crania, the 1975 
article examined annular crania, and the 1978 article examined another popuAtion of 
anteroposterior crania. The Act that two out of the three articles focused on 
anteroposterior deformations adds circumstant A1 evidence to the discriminant fonction 
analyses, which suggested Cocilovo’s measurements successfolly commingle normal and 
anteroposterior crania. Yet, these same measurements have been shown to differentiate 
annular crania from the others with greater Acilhy (Figure 43: Appendix VII). Therefore 
using measurements pulled for one or two of these articles does not insure measurement 
suitability for all popuAtAns. In every article where Cocilovo’s measurements were used, 
no discussions were presented regarding measurement applicability to study popuAtions.
If such studies were performed a smgle approprAte measurement set may have been 
developed. Instead, authors mvariably assumed that Cocilovo’s measurements were 
unaffected by deformat An m all popuAtAns. Results from the preceding analyses 
mdicate that thA Aulty assumption may be the source of errors, such as the contradicting 
mterpretatAns of Azapa valley bAAgical history. Therefore, the previously published 
studAs by Dittmar, CociAvo, Rothhammer and Silva shouM be exammed carefolly and 
the conclusions reached must be questAn m light o f the results of the present research.
Azapa valley Biodistance InterpretatAns 
The creatAn o f bAAgical distances between Azapa valley sites used to assess the 
conq»rability o f the MPR and CRS measurement sets was the secondary aspect of the 
present research. Specifically, the author wanted to determine if the use o f significantly
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affected measurements in the CRS measurement set skewed generalized distances enough 
to modify the interprétât An of bAAgical affinities among the same popuAtAns. Three 
measurements were congruent across the MPR and CRS measurement sets, and it was 
decided to include these measurements (3 Measures) m distance calculations to permit 
additional comparisons. Generalized distances were calculated usmg two common 
methods Penrose mD  ^distances (1954), and Mahalanobis distances followmg 
Rightmire (1969). The distances calculated for the MPR and 3 Measures methods 
mdicate high positive correAtAns across each measurement set and low negative 
correAt Ans for the CRS measurement set, but cautAn is warranted when comparing 
mterpretatAns across methods due to variability. Consequently, due to this variability 
greater weight shouM be given to the Mahalanobis distances, since they take mto account 
for the mter-correAt An between variables. However, it A conceivable that Penrose 
distances couW be used as a rough estimator, from which to develop more sophisticated 
research questAns, but only among the MPR and 3 Measures measurement sets.
One issue that surAced during the distance analysis was whether to calculate separate 
male and female distances, or to use pooled sex distances. Most published stud As 
exammmg coastal and inland valley populatAns have used pooled sex data, to bolster low 
sample sizes. Invariably, m these analyses authors have either over looked sexual 
dimorphism, suggesting some measurements show reduced effects from sexual 
dimorphAm, or they have accounted for it by usmg linear regressAn and other 
techniques. Given that the present author was unable to replicate these methods, no 
statement can be presented as to their legitimacy. What A at issue, though, A whether or 
not the separated male and female distances diq)Ay significant patterns, which may be
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obscured using pooled sex data. The results of male versus female t-tests indicated that 
nearly all o f the 27 measurements examined show significant sexual dimorphism across 
the three cranial types. This by itself argues against the use of pooled sex data. When 
male and female distances are compared, significant differences appear between each 
serws of distances and the grouped data. Taken together, the significant sexual 
dimorphism displayed between measurements and differing male, female, and grouped 
sex generalized distances, strongly suggest that use of pooled sex data, with or without 
accounting for sexual dimorphism, may not be appropriate in all cases. Therefore, the 
separate male and female data A preferred for use in assessing microevolutionary patterns 
from popuAt An data.
Distance mterpretatAns calculated usmg the 3 Measures were more similar to MPR 
distances, than CRS distances, suggesting that the mclusAn of measurements 
significantly affected by deformatAn among the CociAvo’s (1973, 1975, and 1978) 
measurements does cause distortion and this resulted m contradictory mterpretive models 
bemg q)plied to the distances. The MPR and 3 Measures mterpretation of bAAgical 
distances suggest a general contmuhy from early to Ate coastal and Aland popuAt Ans 
folAwing the second model (pages 41-45) of coastal and inland mteraction or bAAgical 
contmuhy for females. Female contmuhy was dispAyed among all shes except PLM 7 
and several o f the Ate inland shes AZ-140, AZ-6 and sometimes AZ-71. Male distances 
also supported the hypothesA of general contmuhy, yet Ater PLM 7 male popuAt Ans 
may have repAced MO-1, MO 1-6 males. The she of PLM 7 shows differences from all 
o f the other shes except PLM 4 suggesting an influx o f new genes and then Acal 
deveApment at thA she. The assertAn that El Laucho populatAns represent a migrât Anal
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event mto the valley can provisAnally be supported archaeoAgically by evidence, which 
has indicated differences present between earlier coastal popuAtions, the Faldas del 
Morro (CAM 15/15D) and El Laucho (PLM 7). ArchaeoAgical evidence has also 
suggested that there were differences between the coexist mg middle perAd coastal and 
Aland groups from El Laucho (PLM 7) and Aho Ramirez (AZ-70). However, the 
reAtAnship between PLM 7 and PLM 4, does suggest an ancestor-descendent 
reAtionsAp between these two sites indicating a local deveApment of El Laucho 
popuAtAns at PLM 7 Ato the D. Regional popuAtions o f PLM 4.
CRS distance AterpretatAns, however, generally suggest distinct early Aland and 
coastal popuAtions similar to the first model (pages 41-45) o f coastal and inland 
contAuhy. ArchaeoAgAal evidence may also support this Aterpretation, but thA model 
can not expAA how popuAtAn differences could have been maAtained if middle perAd 
coastal and Aland popuAtAns of the El Laucho (PLM 7) and Aho Ramirez (AZ-70) 
cultures both expAhed marhime resources. CRS distances also suggested the third model 
(pages 41-45) of early AoAtAn between coastal and Aland group followed by Ate 
AteractAn between the Ate coastal she o f PLM 4 and all of the inland shes. This Ate 
period AteractAn (also observed A the MPR and 3 measures Aterpretation) is supported 
by the archaeoAgkal record, whkh indicated a mixed agromarhime subsAtence and 
similar burial patterns among the Ate coastal and Aland shes.
Ahhough the MPR, 3 Measures and CRS patterns were conflicting, there were some 
similarhies ^>parent between the mode A. One similarity was that both sets of 
measurements indicated Ate AteractAn between the coastal she of PLM 4 and the inland 
shes of AZ-140, AZ-71, and AZ-6. Another similarity suggested by the Ate inland she o f
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AZ-6, which may have possessed a greater degree of gene flow with populations outside 
of the Azapa valley, than other valley populations mcluded the other Cabuza site o f AZ- 
71. Interestingly, this may support an archaeoiogically derived hypothesis that thA group 
was o f higher status than the other contenqwraneous popuAtAns withm the valley.
When these modeA were compared with previously published research, general 
support was given to the MPR and 3 Measures regAnal contmuhy model from the work 
of Guillén (1992) and Sutter (2000). ThA is somewhat surprismg smce both o f these 
researchers were using pooled sex data. Guillén ( 1992) also used five of Cocilovo’s 
measurements, whAh she stated exhibhed ksser degrees of sexual ditrwrphism, while 
Sutter (2000) studied non-metric dental trahs, whkh he stated were not affected by sexual 
dimorphAm. AddhAnal support for the MPR and 3 Measures model can be found m the 
Rothhammer et al. (1981) article, where it was suggested that there was middle to Ate 
mteraction between the El Laucho (PLM 7) and Alto Ramirez (AZ-70) cultures. 
Rothhammer et al. (1981) also suggested that thA reAtAnship was cAser between 
females than males, possibly representing female exchange. Other patterns suggested by 
Rothhammer et al. (1981) artkle supported the CRS measurement set mterpretatAn, 
which mdicated separate early coastal and Ate inland popuAtions. However, when the 
CRS pattern was conqxned a recently published report by Rothhammer and Santoro 
(2000), an entirely different pattern emerges. Instead of coastal versus inland contmuhy, 
early coastal to Ate inland contmuhy A suggested. For this research the middle and Ate 
coastal shes o f PLM 7 and PLM 4 are reAted, but different from all other shes. Given 
that this research also made use o f CociAvo’s (1973, 1975, and 1978) measurements, the 
conflicting mterpretatAns between the same researchers were troublesome. Combmmg
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these conflicting interpretations with the general tendency of the CRS measurements to 
differentiate annular from normal and anteroposterior crania, it is suggested that the 
research conducted and conclusions forwarded by researchers who have used Cocilovo's 
(1973,1975, and 1978) measurements must be critically reviewed.
Recommendations
Some researchers have questioned the use of deformed crania in population studies 
fearing that all data collected from these crania would be distorted, leading to erroneous 
and misleading conclusions. Other researchers, however, have attempted to identify 
measurements, which remain unaffected by deformation. For South American 
populations where nearly 80% of some populations display some form of deformation, 
the ten fecial measurements of Cocilovo (1973, 1975, and 1978) have been used to fill 
this role for nearly twenty-five years. In this study, however, only four out of nine 
measurements examined were supported as being unaffected by cranial deformation; 
palate (maxillo-alveolar) breadth; orbital breadth'; nasal breadth; and basion-prosthion 
length. Additionally, three other measurements from the cranial base were found to be 
unaffected by deformatbn. These measurements include foramen magnum length, 
foramen magnum breadth, and cranial base length. These seven measurements are 
forwarded as a replacement to Cocilovo’s measurements.
Given that a majority of Cocilovo’s measurements were identified as being 
significantly affected by deformation serious questions must be raised concerning the 
nearly ubiquitous use o f these measurements across the last twenty-five years of research. 
The present author is in agreement with Sutter (1997) who suggested that the research
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Cocilovo, Dktmar, Rothhammer, and Silva is difficult to summarize and interpret. The 
source for much of this confusion relates to their inconsistent use of methodology. These 
authors have used a variety of techniques in their studies, which must be commended, but 
often these methods use varying sets of measurements. A more preferable approach 
would have been to develop a single set of measurements, which could have been applied 
consistently. Consistent use o f a single set of measurements would have facilitated 
conpirison and testing of conclusions. In many cases, the methodologies used lack 
sufficient explanation, and at times results were only partially presented. When results 
were presented, they often tended to support the authors’ position, while not suggesting 
alternative explanations for the data. As has previously been stated, no information is 
given on the measurement error for the data, since much of this data was drawn fi'om the 
literature. Even when new data was collected, no discussion was given to issues o f inter- 
or intra-observer error. Added to these problems, was the assumption that Cocilovo's 
measurements remained unaffected by deformation, which has been proven felse in five 
out of nine measurements examined during this research. The use of measurement sets, 
which include affected measurements, has probably led to distorted and erroneous 
conclusions by these authors. Discriminant function analysis of the CRS measurement set 
indicated that this distortion is greater for annularly deformed crania than for normal and 
anteroposteriorly deformed crania (Figure 34: Appendix VII). When distances were 
calculated using the CRS measurements, coastal sites, which primarily exhibited annular 
deformations, were artificially separated from the inland sites, which predominantly 
displayed anteroposterior deformations. Taken as a whole this suggests that the 
conclusions presented by Cocilovo, Rothhammer, and other researchers using Cocilovo’s
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(1973, 1975, and 1978) measurements must remain open to debate and need to be 
thoroughly reviewed to determine their accuracy.
As with any research project some questions are answered, others remain unanswered, 
and still further questions develop. Due to the scope and goals o f the present research the 
full implications o f the Bonferroni multiple comparison tests could not be examined in 
detail. Results from the multiple comparisons strongly suggested that different 
measurement sets could be developed for use in comparing two cranial types. In the 
future these measurement sets should be constructed and analyzed to determine if they 
can be used to support the results of the present research. Specifically, addressing the 
problems associated with the CRS measurement set and annular crania, it may be more 
profitable to use these measurements for assessing biological relationships between 
populations, which only display normal or anteroposteriorly deformed crania.
The most important outcome of this research was discovering the following set of 
seven measurements were unaffected by deformation: orbital breadth'; palate (maxillo- 
alveolar) breadth; nasal breadth; basion-prosthion length; cranial base length; foramen 
magnum length; and foramen magnum breadth. Additionally, six other measurements 
previously considered as unaffected by deformation were rejected as being significantly 
affected by deformation: minimum frontal breadth; bizygomatic breadth; orbital height; 
palate (maxillo-alveolar) length; nasion-alveolar height; and nasal height. Subsequent 
calculation of Penrose and Mahalanobis distances which compared the new and old 
measurements suggested fundamental differences raising serious questions regarding the 
precision o f many previous studies. Distance calculations also tested the comparability of 
the Penrose and Mahalanobis methods, indicating that if either method is used, calculated
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biodistances will be more or less similar for the MPR and 3 Measures measurements, but 
not for the CRS measurements.
The seven measurements recommended for use in this paper require supplementary 
testing to ascertain whether they are robust enough to be used with other populations. 
Specifically, the variability o f measurements, in regards to deformation severity, needs to 
be examined. During the present research, deformation severity was noted, but no 
substantive analysis was performed on this variable. Another source of variability within 
the measurements that needs to be assessed is the effect of erect versus oblique 
deformations. Both types were grouped under a single name during present analysis, 
assuming the overall effects from each type of deformation would be similar. Depending 
upon the results of these robusticHy tests, the seven measurements can then be extended 
to use in other regions such as Peru, Bolivia, Southern Chile, Argentina, and possibly 
Brazil to determine if they will remain unaffected in these populations. These are areas 
where Cocilovo’s measurements have previously been used, and the application of new 
measurements to these populations may elucidate either similar or disparate trends to the 
present analysis. However, when this data is examined, the data collected must be new to 
insure against the both intra-observer, and inter-observer error. Use o f data from the 
literature should be avoided if it has not been subjected to measurement error testing. 
Similarly, all o f the nmeasurements used in this research needs to be subjected to inter­
observer analysis. Since the present investigator (Matthew P. Rhode) collected all o f the 
data, questions can be raised concerning the correlation between his measurement 
technique and measurement replicability across other researchers.
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As has been previously mentioned, Cocilovo and Rothhammer have used 
combinations o f five, six, seven, and even ten measurements. Due to this variability, the 
author was forced to arbitrarily select seven o f the most often used measurements 
claimed to be unaffected by deformation. Therefore, there are a number of additional 
measurements and measurement combinations, which require exploration. Biological 
distances developed from these measurements could indicate more similarity or greater 
dissimilarity from the MPR measurements. Depending upon the results of such testing 
the general conclusions o f the present research may be altered.
The maximum number of measurements in conunon between the MPR and Cocilovo 
measurement sets is four: palate (maxillo-alveolar) breadth, orbital breadth', basion- 
prosthion length, and nasal breadth. However, only three measurements: palate (maxillo- 
alveolar) breadth, orbital breadth', and basion-prosthion length were common between 
the MPR and selected set o f CRS measurements during this research. Therefore, further 
investigations including nasal breadth are warranted to identify all four measurements’ 
applicability in validating or contradicting the conclusions developed during the present 
research. Given that all four measurements display no effects from deformation, it is 
possible that they could be as useful as the 3 Measures measurements. Distances 
calculated from these four measurements may be another source of support suggesting 
that the MPR measurement set is the most accurate presently available for investigating 
Azapa valley population relationships.
The interpretations of A z ^  valley biological history developed from the MPR and 3 
Measures measurements may be the most accurate presently available, but the 
measurements and interpretations must also be considered preliminary, requiring
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additional testing before they can be fully supported. During the next phase of this 
research, additional populations from within the valley should be examined, to determine 
if the measurements remain unaffected across differing populations. Additionally, 
archaeological evidence from each site should be further investigated to aid in 
understanding cultural relationships suggested by craniometric data. This analysis would 
be conducted from a bioarchaeological perspective where both the biological and cuhural 
relatedness o f sites and populations could be examined. Therefore sites could be 
recognized, which are genetically related, but which display differing cultural traditions 
(Sutter, 2000). Similarly, groups could be found exhibiting similar cultural patterns due 
to trade, but weak genetic relationships (Sutter, 2000).
After assessing the robustness of the seven unaffected measurements, and their 
implications when used with other Azapa valley populations, the next step would be to 
extend studies to populations outside the Azapa valley, but still within the Central Andes. 
Relationship patterns created from this research may shed light on such questions as the 
possibility of new coastal populations moving into the region during the middle period as 
suggested by the distances from the she of PLM 7. Addhionally, investigation of 
populations outside of the Azapa valley will allow larger regional evolutionary models to 
be assessed. The uftimate goal o f this research would be two-fold, first to confirm the 
robustness of the seven unaffected measurements for use with other populations and, 
second to create a comprehensive model for the development o f biological relationships 
among South Central Andean populations.
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UNLV Cranial Measurement Recording Form:
Cemetery & Tomb#: Culture:
Observer: Collection Location:
Date: Photo Roll/Number(s):
Are There Postcranial Remains? Y es/N o
Elements Present Sex (Based On: Genitalia. Pelvis. Skull, Catalog)
Vault: Male Female Indeterminate
Face: Ate (Based on: Epi. Fusion, Dental, Sutures. Catalog)
Mandible : 18-30 30-40 40-60 >60 |Age: I
Deformation Type Defomation Severity (Visual Inspection)
None/Normal: Mild:
Annular/Circular: Intermediate:
Fronto-Occipitai/Anteroposterior: Severe:
Cranial Mcasarcnwats
All measurements should be recorded to the nearest millimeter o r . I mm for digital calipers.
In case o f  bilateral measurements use the left side, or note right side (R) if substituted for left. 
Only complete ADULT (>I8 years) Crania and Skulls should be used. If there is slight erosion or 
obsouction o f any craniometric landmark, estimation may be used for up to 2mm. Note these 
measurements with a (+)
Vault Pace
Mandible
Bigonial Width (go-go):
Bicondylar Breadth (cdl-cdl):
Minimum Ramus Breadth:
Maximum Cranial Length (g-op): -Maxillo-Alveolar Length (pr-alv): Thrown Out
Maximum Cranial Breadth (eu-eu): -Maxillo-Alveolar Breadth (ecm-ecm):
Basion-Bregma Height (ba-b): -Upper Facial Height (n-pr):
Cranial Base Length (ba-n) Upper Facial Breadth (fint-fint);
Basion-Prosthion Length (ba-pr): -Minimum Frontal Breadth (ft-ft):
Biauricular Breadth (au-au): -Nasal Height (n-ns):
Frontal Chord (n-b): -Nasal Breadth (al-al):
Parietal Chord (b-l): -Orbital Breadth (d-ec):
Occipital Chord (l-o): -Orbital Height:
Foramen Magnum Length (ba-o): Biorbital Breadth (ec-ec):
Foramen Magnum Breadth: Interorbital Breadth (d-d):
-Bizygomatic Breadth (zy-zy):
Height o f  Mandibular Body (MF): 
Breadth o f  Mandibular Body (MF):
-Unaffected Measurements (?) 
Note: MF = Mental Formen (Left)
MPR 2000
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Radiocarbon and Calibrated dates for 18 sites used in this research
Site Geo. Loc. Culture(s) # o f  Indiv. Cultural Period Subsistence "C  Dates BP Sigma ±
CAM 9 Coast Inca 12 L.ate Agriculture
AZ-140 Valley Mayias 
San Miguel
57
3
Late Agriculture
450 50
500 60
530 50
560 50
570 80
670 60
690 60
740 60
740 70
800 70
820 60
880 70
910 145
980 80
1000 80
1055 80
1070 80
*190 80
AZ-71 Valley Late Agriculture
Alto Ramirez 2 ^4 9 0 60
Azapa 3 650 60
Tiwanaku 7 660 70
Cabuza 26 670 50
Maytas 7 680 60
695 75
715 130
760 75
765 75
780 75
785 75
810 70
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Site " c  Dates BC/AD Calibrated '*C  Dates BC/AD' Primary Source
CAM 9 1410 AD MASMA Lab. Rec.
AZ-140 c.a. 750-950 AD MASMA lAb. Rec.
cal AD 1412(1446) 1629 Cassman. 1997
cal AD 1327(1435) 1612 Cassman, 1997
cal AD 1324(1423) 1465 Cassman, 1997
cal AD 1303(1410) 1444 Cassman, 1997
cal AD 1287(1407) 1480 MASMA l.ab. Rec.
cal AD 1270(1301, 1371, 1380) 1415 Cassman, 1997
cal AD 1260(1298) 1408 Cassman, 1997
cal AD 1216(1285) 1395 Cassman, 1997
cal AD 1192(1285) 1400 Cassman, 1997
cal AD 1065(1264) 1383 Cassman, 1997
cal AD 1065(1257) 1297 Cassman, 1997
cal AD 1022(1194, 1197, 1210) 1286 Cassman, 1997
cal AD 886(1162) 1394 MASMA Lab. Rec.
cal AD 900 (1035, 1144, 1146) 1258 Cassman, 1997
cal AD 895 (1026) 1235 Cassman, 1997
cal AD 783(1003, 1009, 1016) 1205 Mufloz, 1983
cal AD 781 (998) 1162 Cassman, 1997
cal AD 674 (888) 1021 Cassman, 1997
AZ-71 c.a. 650-950 AD Santoro, 1980b
cal AD 1330(1437) 1619 Cassman, 1997
cal AD 1278(1305, 1366, 1386) 1425 Cassman, 1997
cal AD 1263(1303, 1368, 1383) 1429 Cassman, 1997
cal AD 1278(1301, 1371, 1380) 1408 Cassman, 1997
cal AD 1263 (1300, 1374, 1377) 1411 Cassman, 1997
cal AD 1200(1297) 1417 Cassman, 1997
cal AD 1037(1293) 1445 MASMA l.ab. Rec.
cal AD 1162(1281) 1397 Cassman, 1997
cal AD 1073(1280) 1396 l'ocacci, 1982
cal AD 1073(1277) 1392 MASMA t.ab. Rec.
cal AD 1069(1276) 1390 l-ocacci, 1982
cal AD 1044(1261) 1380 Cassman, 1997
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AZ-71
Culture(s) # o f Indiv. Cultural Period Subsistence Dates BP Sigma ±
800 70
820 40
830 50
850 40
850 50
850 60
860 70
1000 75
1010 80
2560 85
2605 85
2660 85
2685 85
2855 85
CAM 8 Coast ?
Gentilar
2
7
Late
Early?
Agriculture
Fishing/Gathering
PLM 4 Coast ? 2 W e Agriculture
D. Regional 30
San Miguel 2
Gentilar 1
AZ-6 Valley Cabuza 20 Late Agriculture 715 130
Maytas 4 910 145
San Miguel 1 1570 65
Tiwanaku 1
Sobraya 1
AZ-8 Valley Gentilar 17 Late Agriculture
San Miguel 2
AZ-75/75D/75E Valley ? 1 Middle/Late Agriculture 1390 80
Alto Ramirez 5 1570 110
San Miguel 1
San Lorenzo 3 2005 110
Alto Ramirez Tardio 2 2290 120
AZ-14 Valley Alto Ramirez 19 Middle Agriculture 2360 90
AZ-70 Valley Alto Ramirez 14 Middle Agriculture
San Miguel 2 to
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Site " c  Dates BC/AD Calibrated " c  Dates BC/AD* Primary Source
AZ-71 cal AD 1065(1264) 1383 Cassman, 1997
cal AD 1163(1257) 1286 Cassman, 1997
cal AD 1072 (1225, 1226, 1243) 1289 Cassman, 1997
cal AD 1072(1219) 1280 Cassman, 1997
cal AD 1043(1219) 1284 Cassman, 1997
cal AD 1038(1219) 1289 Cassman, 1997
cal AD 1025(1217) 1292 Cassman, 1997
cal AD 897 (1026) 1220 MASMA l.ab. Rec.
cal AD 892 (1024) 1220 Cassman, 1997
cal BC 832 (775) 402 Santoro, 1980a
cal BC 900 (794) 409 Santoro, 1980a
cal BC 970 (803) 524 Santoro, 1980a
cal BC 998 (812) 551 Santoro, 1980a
calBC 1260 (997)811 Santoro, 1980a
CAM 8 1350 AD MASMA l.ab. Rec.
2685 BC Aulüerheide, Mufloz, Arriaza 1993
PLM 4 1200 AD Erices, 1974; Focacci, 1974
AZ-6 cal AD 1037(1293) 1445 Focacci, 1982
cal AD 886 (1162)1394 Focacci, 1982
cal AD 389 (537) 645 Focacci, 1982
AZ-8 c.a. 650-950 AD Focacci, 1985
1000-1300 AD Personal Communication, Cassman 2000
AZ-75/75D/75E cal AD 540 (660) 850 MASMA Lab. Rec.
cal AD 255 (537)681 MASMA Lab. Rec.
cal BC 350 (cal AD 25, 44, 47) cal AD 318 MASMA Lab. Rec
cal BC 762 (379) 2 MASMA Lab. Rec.
AZ-14 cal BC 763 (398) 179 Rivera. 1987
AZ-70 490 BC Soto, 1974; Santoro, 1980a
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AZ-71
Sutler, 1997
Sutter, 1997 
Suiter, 1997 
Sutter, 1997 
Suiter, 1997 
Sutter, 1997
CAM 8
Arriaza, 1995
PLM 4
AZ-6 Suiter, 1997 
Sutter, 1997 
Sutter, 1997
AZ-8
AZ-73/73D/75E Suiter, 1997 
Sutler, 1997
Sutter, 1997 
Sutter, 1997
AZ-14 Suiter, 1997
AZ-70
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Site Geo. Loc. Culture(s) # o f  Indiv. Cultural Period Subsistence '^C Dates BP Sigma ±
AZ-II5 Valley Alto Ramirez 7 Middle Agriculture
PLM 7 Coast ?
ElLaucho
1
52
Middle Fishing/Gathering 2480 too
CAM I5/15D Coast ? 1 Early Pre-Agriculture 3060 too
Chinchorro 1 Fishing/Gathering 3650 200
Faldas Morro 3 3060
3650
too
200
Morro 1-6 Coast Chinchorro 10 Early Pre-Agriculture
Fishing/Gathering 3490 290
Morro I Coast Chinchorro 20 Early Pre-Agriculture
Fishing/Gathering
3750
3880
3895
4010
4310
140
70
75
75
145
3670 100
3790 140
3830 100
4040 100
4200 100
4350 280
4520 90
4570 100
5010 110
5160 110
5240 230
7810 180
Calibrated ages come from CAI.IH 4.2 (Stuvicr el al. 1998) using Method A, where calibrated ages are in parentheses and the 2- 
Sigma (95.4%) minimum and maximum dates are outside the parentheses. I wenty-lour years were subtracted from original 
radiocarbon dates lor Southern Hemisphere Atmosphere samples.
DÎ
C D
■ D
O
Q .
C
8
Q .
■D
CD
1 Site '*C Dates BC/AD Calibrated '*C Dates BC/AD* Primary Source
c/)
w AZ-II5 c.a. 550 BC Mufloz, 1982
o ’
3
O
PLM 7 cal BC 811 (755, 722, 538, 530, 522) 263 Rivera, 1977; Focacci, 1974
3 CAM I5/I5D Rivera. 1977
CD Rivera. 1985
O calBC 1517(1365, 1364, 1297, 1271, 1265) 1128 Rivera, 1991
cal BC 2286 (2010, 2001, 1977) 1694 Rivera, 1984; 1991
c q ' Morro 1-6 2360-1720 BC Focacci and Chacon, 1989
cal BC 2574(1765, 1765, 1748) 1046 Focacci and Chacon, 1989
i calBC 2555(2138) 1741 Aulderheide and Allison, 1994
3
CD calBC 2549 (2301)2065 Aufderheide and Allison, 1994
cal BC 2565 (2396, 2388, 2339, 2317, 2313) 2070 Aulderheide and Allison, 1994
“n
c cal BC 2855 (2485, 2484, 2473) 2289 Aulderheide and Allison, 1994
3 - cal BC 3357 (2896) 2474 Aulderheide and Aliison, 1994
Morro 1 1050 BC Allison et al, 1984; Standen et al, 1984
CD 3210-1720 BC Allison et al, 1984
■D cal BC 2294 (2026, 1994, 1981) 1741 Allison et al, 1984
O
Q . cal BC 2575 (2197, 2162, 2146) 1772 Allison et al, 1984
C
O cal BC 2555 (2274, 2254, 2227, 2222, 2205) 1945 Allison et al, 1984
O cal BC 2878 (2561, 2523, 2496) 2208 Allison et al, 1984
3 cal BC 3011 (2864,2806,2779,2770, 2761,2718, 2708) 2471 Allison et al, 1984
O calBC 3656(2914)2146 Allison et al, 1984
3" cal BC 3501 (3326, 3318,3314, 3227, 3173, 3160, 3118, 3109,3104) 2908 Standen, 1991
<—H cal BC 3625 (3347)2918 Allison et al, 1984
Q . cal BC 3984 (3768) 3536 Vera, 1981; llhie, 1919
g cal BC 4224 (3961)3665 Allison et al. 1984
3"
O cal BC 4498 (4036, 4024, 3989) 3532 Vera, 1981; Uhle, 1919
C cal BC 7111 (6638,6620,6608,6597,6595) 6243 Allison et al, 1984
■O
CD
C /)
C /)
o!
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8■D
3.
3"
CD
Site Secondary Source
AZ-115
PLM 7 Sutter, 1997
CAM 15/15D
Arriaza, 1995
Arriaza, 1995
Morro 1-6
Arriaza, 1995 
Arriaza, 1995 
Arriaza, 1995 
Arriaza, 1995 
Arriaza, 1995 
Arriaza, 1995
Morro I
CD■D
O
Q .
C
ao3
T3
O
(D
Q .
T3
(D
Rivera,
Rivera,
Rivera,
Rivera,
Rivera,
Rivera,
Sutler,
Rivera,
Rivera,
Rivera,
Rivera,
Rivera,
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1997; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza, 
1991; Arriaza.
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
(/)
(/)
APPENDIX III
CRANIOMETRIC POINTS 
MEASUREMENT DEFINITIONS
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Definition o f Cranioinetric Points 
(following Buikstra and Ubelaker, 1994)
Alare (al), (paired) -  The most lateral point of the nasal aperture in the transverse plane, 
determined by caliper.
Auriculare (au), (paired) -  A point located as the most medial projection on the root of 
the zygomatic arch, usually anterior to the external auditory meatus.
Basion (ba) -  A point located on the anterior margin o f the foramen magnum intersecting 
the sagittal plane. For cranial height measurements, the point is located as the 
most inferior point on the anterior margin of the foramen magnum. For basion- 
nasion and basion-prosthion lengths, the point is located as the most posterior 
point on the anterior margin of the foramen magnum.
Bregma (b) -  The point at which the coronal and sagittal sutures intersect ectocranially.
Comfylion Latérale (cdl), (paired) -  The most lateral point of the mandibular condyle.
Dacryon (d), (paired) -  The point at which the frontal, maxillary, and lacrimal bones 
intersect along the medial border o f the orbit.
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Ectomolare (ccm), (paired) -  The roost lateral point on the buccal side o f the alveolar 
processes, located against the 2"* molars. The point is often recorded as the point 
at which the lateral roots o f the 2”*' molars intersect with the alveolar processes.
Euryon (eu), (paired) -  Point o f crania’s greatest ectocranial width, determined 
by caliper. Point is observed on the parietals only, and should not be 
taken firom the temporals due to possible post-mortem expansion of 
squamosal suture.
Frontomarlare Anterior (Ana), (paired) -  Most anterior point on the fronto-malar suture. 
(Howells, 1973:168).
Frontomaiare Temporale (Ant), (paired) -  Most lateral point on the fironto-maxillary
(fronto-zygomatic) suture, located external to the orbit and determined by caliper.
Frontotemporale (ft), (paired) -  The point where the tenqraral line reaches its most 
medial aspect on the frontal
Glabella (g) -  The most anterior projection of the frontal bone located above the nasal 
aperture and finmonasal suture on the sagittal plane.
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Gonion (go), (paired) -  The point located on the bisected angle between the ascending 
and vertical ramus of the mandible. Also can be located as the most lateral 
projection o f the bisected angle.
Lambda (I) -  The point where the sagittal and lambdoidal sutures intersect along the
sagittal plane. Sometimes the point may be obscured by Wormian or Inca Bones. 
If this occurs, the point is located as the most superior o f the intersection of the 
sagittal and lambdoidal sutures.
Nasion (n) -  The point o f intersection between the frontonasal suture and the sagittal 
plane.
Nasospinaie (ns) -  The most anterior projecting point of the nasal spine. If nasal spine is 
eroded or missing the point is located as the intersection (along sagittal plane) of 
a line o f drawn between the most inferior projections o f the nasal aperture both 
left and right (Modified fiom Buikstra and Ubelaker, 1994).
Opisthion (o) -  The most posterior point o f the foramen magnum’s posterior border 
located along the sagittal plane.
Opisthocranion (op) -  The most posteriorly projecting point o f the occipital bone on the 
sagittal plane, not located on the external occipital protuberance.
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Prosthion (pr) -  The most anteriorly projecting point of the alveolar processes of the
maxillae on the sagittal plane, located between the left and right central incisors, 
if present.
Zygion (ay), (paired) -  The most laterally projecting point on the zygomatic arch 
determined by caliper.
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Definition o f Measurements Used in Analysis 
(following Buikstra and Ubelaker, 1994)
Vault:
Maximum Cranial Length (g-op) -  The greatest distance between the glabella (g) and 
opisthocranion (op) along the sagittal plane not including the occipital 
protuberance or nuchal crests. Instrument = Spreading Calipers
Maximum Cranial Breadth (eu-eu) -  The widest distance between the euryons in the 
coronal plane wherever it may located on the parietals, but not the temporals. 
Instrument = Spreading Calipers
Basion-Bregma Height (ba-b) -  The distance obtained by measuring from the inferior 
margin o f the anterior foramen magnum (ba) to the bregma (b). Instrument = 
Spreading Calipers
Cranial Base Length (ba-n) -  The distance obtained by measuring from the posterior 
margin o f the anterior foramen magnum (ba) to the nasion (n). Instrument = 
Spreading Calipers
Basion-Prosthion Length (ba-pr) -  The distance obtained by measuring from the 
posterior margin o f the anterior foramen magnum (ba) to the prosthion (pr). 
Instrument = Spreading or Sliding Calipers
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Biauricular Breadth (au-au) -  Minimum measurement across roots of the zygomatic 
arches (au). The auriculare are usually located anterior to the external auditory 
meatus. Instrument = Sliding Calipers
Frontal Chord (n-b) -  Direct distance from the nasion (n) to the bregma (b) along the
sagittal plane. If there is fusion of the coronal or sagittal suture, an estimate can be 
made, if bregma can be relocated. If the suture is unfused, attempt to take the 
measurement on the ectocranial surface and not in the suture. Instrument =
Sliding Calipers
Parietal Chord (b-l) -  Direct distance from the bregma (b) to the lambda (I) along the 
sagittal plane. If there is fusion of the sagittal or lambdoidal sutures an estimate 
can be made, if bregma and/or lambda can be relocated. If the suture is unfused 
attempt to take the measurement on the ectocranial surface and not in the suture. 
Instrument = Sliding Calipers
Occipital Chord (l-o) -  Direct distance from the lambda (I) to the opisthion (o) along the 
sagittal plane. If there is fusion of the lambdoidal sutures estimate can be made, if 
lambda can be relocated. If the suture is open attenqn to take the measurement on 
the ectocranial surfece and not in the suture. Additionally opisthion (o) should be 
located on the posterior edge o f the foramen magnum and not inside o f the 
foramen magnum. Instrument = Sliding Calipers
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Foramen Magnum Length (ba-o) -  Distance from the basion (ba) to the opisthion (o) 
taken along the sagittal plane. Caliper tips should rest on opposite edges of the 
foramen magnum. Variant: Using digital calipers or calipers with inside jaws, 
measurement can be taken across inner edges o f the anterior and posterior 
borders o f the foramen magnum (avoiding tissue and debris). Instrument = 
Sliding Calipers or Sliding Calipers w/ Inside Jaws
Foramen Magnum Breadth -  Maximum distance taken perpendicular to the foramen 
m%num length (ba-o). Variant: Using digital calipers or calipers with inside 
Jaws, measurement can be taken along inner borders of the anterior and posterior 
foramen magnum (avoiding tissue and debris). Instrument =
Sliding Caiipers or Sliding Calipers w/ Inside Jaws.
Mandible:
Height o f MamBbuiar Body (MF) -  Maximum distance from the alveolar process to the 
inferior border o f mandibular body taken at level of the mental foramen (MF). 
Usually, taken on the lefr side, but the right can be substituted if left is damaged. 
If there is severe alveolar resorption the measurement should not be attenq)ted, 
but if resorption is minor an estimate can be made. Instrument = Sliding Calipers
Minimum Ramus Breadth -  Minimum breadth measured of ascending ramus taken
perpendicular to the angle o f the ascending ramus. Instrument = Sliding Calipers
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Breadth o f Mandibular Body (MF) -  Maximum width or thickness of mandibular body 
taken from the lateral and medial surfrices o f the horizontal ramus at the level of 
the mental foramen (MF). Usually, taken on the left side, but right can be 
substituted if left is damaged. Instrument = Sliding Calipcn
Bigoniai Width (go-go) -  Maximum distance measured between the gonions (go).
Measurement is obtained by placing the flat sur&ce of calipers along the most 
laterally projecting point of the gonial angle. If there is severe damage or tissue 
obstructing the gonions measurement should not be attempted, but if there is only 
slight damage or tissue obstruction measurement can be estimated. Instrument = 
Sliding Calipers
Bicondylar Breadth (cdl-cdl) -  Maximum distance measured between the lateral sur&ces 
of the mandibular condyles (cdl). Measurement can be estimated if there is slight 
erosion or damage of the condylion latérale, but should not be attempted if 
damage is severe. Instrument -  Sliding Caiipers
Face:
Upper Facial Height (n-pr) -  Distance from nasion (n) to prosthion (pr). Measurement 
can be obtained by estimation with slight alveolar resorption, but not if resorption 
is severe. Instrument = Sliding Calipers
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Upper Facial Breadth (fint-fmt) -  Maximum distance between frontomalare temporales 
(Ant) external to the eye orbit. Although suture may be fused, location can still be 
estimated with accuracy. Instrument = Sliding Calipers
Minimum Frontal Breadth (ft-ft) -  Minimum distance across firontotemporales (ft), 
associated with most medial project of the temporal lines. Instrument = Sliding 
Calipers
Maxillo-Alveolar Breadth (ecm-ecm) -  Maximum breadth measured across the alveolar 
borders of the maxilla at the point of the 2”^  molars. Points (ecm’s) are not on the 
alveolar process, but on the point part of the 2*^  molars. Alveolar resorption can 
make molars unstable, thus the measurement taken must be an estimate and 
should be noted as such. If the molars are absent but the sockets remain without 
resorption, an estimate can be made using the most lateral sides o f the sockets. 
Instrument = Sliding Calipers
Nasal Height (n-ns) -  Distance obtained by measuring from nasion (n) to a point
estimated by the intersection of the left and right nasal apertures. At times though, 
the measurement was taken to the tip of the nasal spine or nasospinale (ns) if 
horizontally oriented. Instrument = Sliding Calipers
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Nasal Breadth (al-al) -  Maximum distance between alares (al). This measurement 
should be of the maximum distance between the alares perpendicular to the 
sagittal plane. At times the widest point is difficult to locate due to undulations of 
the nasal margin. Instrument = SUding Calipcn
Orbital Breadth' (d-Ana) -  Distance from the dacryon (d) to frontomalare anterior (Ana). 
Although this measurement is usually taken perpendicular to the orbit height, in 
this nxxlification the arbitrary nature of ectoconchion or lateral orbital 
measurement, is substituted with a more definitive landmark as described in the 
definition o f cranial landmarks. Measurement of the left orbit is standard, but the 
right can be substituted if the left is damaged. Instrument = Sliding Calipcn 
(Modified from Buikstra and Ubelaker, 1994)
Orbital Height -  A measurement made perpendicular to the orbital breadth' (d-Ana)
across the superior and inferior orbital borders. Measurement of maximum orbital 
height is obtained by using the inner jaws of the caliper. The orbit is roughly 
dissected into roughly equal halves wtien the measurement is made. Measurement 
should avoid notches or depression along either the superior or inferior orbital 
margin. Instrument = Sliding Calipcn
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Biorbital Breadth' (fina-fina) -  Distance obtained by measuring between the left and
right frontomalare anterior (fma) as described in definition of craniometric points. 
Instrument = Sliding Calipcn (Modified from Buikstra and Ubelaker. 1994)
Interorbital Breadth (d-d) -  Measurement across the left and right dacryon (d). This is a 
sometimes-questionable measurement due to the fragile nature of the bones of the 
medial eye orbit. If there is extensive breakage the measurement should not be 
taken. If there is only a minor degree o f breakage the measurement can be 
estimated. Instrument = Sliding Calipcn
Bizygomatic Breadth {xy~zy) -  Maximum distance between the zygions located along 
the zygomatic arches. Instrument = Spreading or Sliding Calipcn
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C/) Table 8: Maie vault measurement descriptive statisticsC/)
o' Measures Types
# o f
Mean
Std.
Variance
Std. CoefT. o f 95% Confidence Interval Min. Max. Range3 Indlv. Dev. Error Variation Lower Upper
1 1
Normal Male 67 176.62 7.62 58.07 0.93 4.31 174.76 178.48 156.00 194.00 38.003"
CD Annular Male 44 180.02 8.63 74.51 1.30 4.79 177.39 182.64 158.00 206.00 48.00
8 A-P Male 42 167.00 7.13 50.87 110 4.27 164.78 169.22 153.00 181.50 28.50"O Total 153
(O' Normal Male 65 137.96 5.86 34.28 0.73 4.24 136.51 139.41 123.00 151.00 28.003" ill Annular Male 44 132.62 6.69 44.74 I.OI 5.04 130.58 134.65 116.00 151.00 35.00
i 1  u  â A-P Male 42 146.00 7.91 62.54 1.22 5.42 143.54 148.46 128.00 163.00 35.003
CD Total 151
Normal Male 65 136.24 5.79 33.50 0.72 4.25 134.80 137.67 120.00 150.00 30.00
"nc III Annular Male 44 138.68 7.47 55.82 1.13 5.39 136.41 140.95 120.00 158.00 38.003.3" A-P Male 42 137.86 5.13 26.27 0.79 3.72 136.26 139.45 125.00 150.00 25.00CD Total 151
CD Normal Male 67 98.85 4.09 16.77 0.50 4.14 97.85 99.85 87.50 107.00 19.50
O PÎ Annular Male 44 99.22 4.39 19.23 0.66 4.42 97.89 100.55 90.00 107.00 17.00Q.C A-P Male 42 98.33 4.55 20.73 0.70 4.63 96.91 99.75 89.00 110.00 21.00a Total 153
3 jlf Normal Male 59 98.16 5.31 28.17 0.69 5.41 96.78 99.55 84.50 109.00 24.50■D Annular Male 42 100.44 5.15 26.53 0.79 5.13 98.84 102.05 87.00 110.00 23.00O3" | |  JA-P Male 36 98.91 4.64 21.53 0.77 4.69 97.34 100.48 90.00 113.00 23.00O’
1—H Total 137CDO. 5 _ Normal Male 67 125.15 5.05 25.50 0.62 4.04 123.92 126.38 111.30 138.90 27.60
$ Annular Male 44 122.16 4.67 21.77 0.70 3.82 120.75 123.58 113.60 133.61 20.01
3" I J A-P Male 42 126.92 4.66 21.72 0.72 3.67 125.47 128.38 114.00 135.20 21.20.5  CO 
CO Total 153
"OCD Normal Male 65 112.94 5.66 32.04 0.70 5.01 III 53 114.34 99.98 125.10 25.12
3 Annular Male 44 118.32 6.73 45.24 I.OI 5.68 116.27 120.36 102.74 133.81 31.07
(/)(/) li u A-P Male 42 112.36 4.89 23.87 0.75 4.35 110.83 113.88 102.39 121.16 18.77
o3 Total 151
Continued on next page.
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Table 8: Male vault measurement descriptive statistics cent.
Measures Types # o fIndiv. Mean
Std.
Dev. Variance
Std.
Error
CoefT. o f 
Variation
95% Confidence interval
Lower Upper Min. Max. Range
.81
Normal Male 63 105.50 5.59 31.24 0.70 5.30 104.09 106.90 91.87 117.50 25.63
Annular Male 43 104.15 6.46 41.71 0.98 6.20 102.16 106.14 91.33 120.80 29.47
A-P Male 40 99.18 6.56 43.01 1.04 6.61 97.08 101.27 87.45 116.80 29.35
Total 146
Î 1
Normal Male 62 102.57 7.26 52.65 0.92 7.07 100.72 104.41 88.69 119.40 30.71
Annular Male 43 105.63 7.22 52.06 110 6.83 103.41 107.85 89.58 121.65 32.07
E u A-P Male 40 100.58 5.07 25.75 0.80 5.04 98.96 102.21 91.80 112.35 20.55o Total 145
I l f
Normal Male 65 34.36 2.31 5.35 0.29 6.73 33.78 34.93 30.70 39.90 9.20
Annular Male 44 34.09 2.44 5.96 0.37 7.16 33.35 34.84 27.90 39.40 11.50
1 15 A-P Male 42 33.32 2.09 4.39 0.32 6.29 32.66 33.97 29.10 37.40 8.30tJu 2 ^ Total 151
Normal Male 65 30.72 2.02 4.08 0.25 6.58 30.22 31.22 24.94 36.40 11.46
Annular Male 43 29.79 2.08 4.33 0.32 6.99 29.15 30.43 24.70 35.00 10.30
i J* 8 A-P Male 42 29.79 2.46 6.07 0.38 8.27 29.02 30.55 25.50 35.50 10.00
u, 2 ® Total 150
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Table 9; Maie mandibular measurement descriptive statistics
3
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Measures Types # o f Mean Std. Variance Std. CoefT. o f 95% Confidence Interval Min. Max. RangeIndiv. Dev. Error Variation Lower Upper
M  _ Normal Maie 32 32.42 2.79 7.78 0.49 8.61 31.41 33.42 27.28 37.50 10.22
% -&G Annular Male 20 32.64 2.97 8.80 0.66 9.09 31.25 34.03 25.20 38.77 13.57
A-P Male 29 33.45 2.53 6.38 0.47 7.55 32.48 34.41 29.20 39.30 10.102 Total 81
w - Normal Maie 35 12.88 1.50 2.26 0.25 11.66 12.36 13.40 9.87 16.20 6.33
 ^1 ^ Annular Male 20 11.81 1.43 2.04 0.32 12.09 11.14 12.48 7.18 13.33 6.15A-P Male 29 12.12 1.13 1.29 0.21 9.35 11.69 12.56 9.62 13.95 4.33
Total 84
•a Normal Maie 37 99.30 5.49 30.12 0.90 5.53 97.47 101.13 88.00 112.00 24.00
Annular Male 20 98.98 7.54 56.81 1.69 7.61 95.46 102.51 89.51 114.40 24.89
A-P Male 29 99.40 6.09 37.09 1.13 6.13 97.08 101.71 89.96 109.41 19.45
00 Total 86
a - Normal Maie 36 121.58 5.30 28.09 0.88 4.36 119.79 123.37 104.18 131.50 27.32
î l Annular Male 20 120.48 6.02 36.30 1.35 5.00 117.66 123.30 106.66 128.87 22.21§1 A-P Male 28 124.17 5.36 28.75 I.OI 4.32 122.09 126.25 112.00 132.40 20.40
iS Total 84
Normal Maie 37 36.17 4.13 17.02 0.68 11.41 34.80 37.55 28.03 48.20 20.17
-s i l Annular Male 21 35.71 3.31 10.93 0.72 9.26 34.20 37.21 29.12 42.50 13.38A-P Male 29 35.70 3.08 9.51 0.57 8.64 34.53 36.88 29.19 41.72 12.53
Total 87
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Table 10: Maie facial measurement descriptive statistics
Measures Types # o fIndiv. Mean
Std.
Dev. Variance
Std.
Error
CoefT o f 
Variation
95% Confidence Interval
Lower Upper Min. Max. Range
A b  jg Normal Male 46 61.65 3.05 9.32 0.45 4.95 60.75 62.56 56.61 69.30 12.69nt Annular Male 30 62.43 3.36 11.27 0.61 5.38 61.18 63.68 53.90 69.30 15.40A-P Male 24 62.22 4.07 16.54 0.83 6.54 60.51 63.94 54.60 69.62 15.02
Total 100
Normal Male 58 69.09 4.33 18.76 0.57 6.27 67.95 70.23 59.70 76.90 17.20
lit Annular Male 39 71.28 4.45 19.80 0.71 6.24 69.83 72.72 62.20 78.88 16.68A-P Male 34 70.28 4.64 21.55 0.80 6.60 68.66 71.90 61.30 78.64 17.34
Total 131
Normal Male 67 103.82 4.08 16.61 0.50 3.93 102.82 104.81 90.10 113.08 22.98
111 Annular Male 44 104.47 3.78 14.27 0.57 3.62 103.32 105.61 91.90 111.10 19.20A-P Male 42 104.59 3.68 13.57 0.57 3.52 103.44 105.74 97.90 113.25 15.35
Total 153g _ ^ Normal Male 67 90.80 5.06 25.65 0.62 5.58 89.56 92.03 76.34 102.90 26.56i l l Annular Male 44 88.58 5.01 25.05 0.75 5.65 87.06 90.11 77.01 97.01 20.00i l l A-P Male 42 88.75 5.43 29.45 0.84 6.11 87.06 90.44 74.55 101.43 26.88Jg u. eo
Total 153
Normal Male 67 50.44 3.36 11.30 0.41 6.66 49.62 51.26 42.60 60.70 18.10
It Annular Male 44 51.73 2.56 6.54 0.39 4.94 50.95 52.50 46.70 57.75 11.05A-P Male 42 50.06 2.88 8.28 0.44 5.75 49.17 50.96 43.70 57.34 13.64
Total 153
Normal Male 66 24.34 1.65 2.73 0.20 6.79 23.93 24.74 20.60 28.30 7.70
Annular Male 44 24.73 1.88 3.53 0.28 7.59 24.16 25.30 21.12 28.32 7.20% J A-P Male 40 24.57 1.63 2.66 0.26 6.63 24.05 25.09 20.87 29.16 8.29
Total 150
Normal Male 67 38.56 1.66 2.77 0.20 4.32 38.15 38.96 31.70 42.13 10.43
Annular Male 44 39.55 1.72 2.95 0.26 4.34 39.03 40.08 34.60 42.61 8.01i 1 A-P Male 42 38.80 1.69 2.84 0.26 4.34 38.28 39.33 35.16 44.19 9.03
Total 153
Continued on next page.
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Table 10: Maie facial measurement descriptive statistics cont.
3.
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Measures Types # o f Std. Std. CoefT of 95% Confidence Interval Min. Max. RangeIndiv. Meen Dev. Variance Error Variation Lower Upper
Normal Maie 67 34.70 1.92 3.68 0.23 5.53 34.23 35.16 30.60 38.90 8.301 t Annular Male 44 36.35 1.89 3.59 0.29 5.21 35.77 36.92 33.30 40.78 7.48ni A-P Male 42 35.90 2.08 4.35 0.32 5.81 35.25 36.55 31.60 40.88 9.28
Total 153
"3 Normal Maie 67 97.10 3.85 14.83 0.47 3.97 96.17 98.04 83.30 106.07 22.771 1 Annular Male 44 97.92 3.75 14.05 0.57 3.83 96.78 99.05 86.70 104.50 17.80
(S 1 A-P Male 42 98.24 3.74 13.98 0.58 3.81 97.08 99.41 92.59 108.77 16.18Total 153
■fl - Normal Maie 66 21.66 2.24 5.02 0.28 10.35 21.11 22.21 16.35 28.20 11.85
Annular Male 43 21.71 1.73 3.00 0.26 7.97 21.18 22.24 18.70 24.80 6.10g J A-P Male 42 22.33 2.01 4.05 0.31 9.01 21.70 22.96 18.50 26.50 8.00
s Total 151
M
Normal Maie 64 136.82 5.43 29.44 0.68 3.97 135.47 138.18 120.00 149.00 29.00
Annular Male 44 135.38 5.81 33.75 0.88 4.29 133.61 137.14 124.00 148.50 24.50
A-P Male 39 137.99 5.20 27.01 0.83 3.77 136.31 139.68 125.00 148.00 23.00
m Total 147
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Table 11 : Female vault measurement descriptive statistics
Types # o f Mean Std. Dev. Variance
Std. CoefT o f 95% Confidence Interval Max. RangewieasuTcs Indiv. Error Variation Lower Upper
g Normal Female 53 170.79 5.36 28.71 0.74 3.14 169.32 172.27 160.00 184.00 24.00
ill Annular Female 61 172.37 7.35 54.07 0.94 4.27 170.49 174.25 160.00 200.00 40.00A-P Female 81 160.74 7.34 53.88 0.82 4.57 159.12 162.36 145.00 183.00 38.00
Total 195
E _  _ Normal Female 54 134.16 4.78 22.87 0.65 3.56 132.85 135.46 123.00 144.00 21.00
Annular Female 62 129.00 5.06 25.58 0.64 3.92 127.71 130.28 118.50 140.00 21.50|ul A-P Female 81 143.10 6.80 46.23 0.76 4.75 141.59 144.60 130.00 158.00 28.00
Total 197
Normal Female 52 132.32 4.82 23.26 0.67 3.64 130.97 133.66 122.00 145.00 23.00
1 It Annular Female 61 134.84 5.98 35.76 0.77 4.43 133.31 136.38 117.00 150.00 33.00ill A-P Female 81 131.73 5.19 26.89 0.58 3.94 130.59 132.88 115.00 144.00 29.00
Total 194
t i t
Normal Female 53 94.08 3.60 12.97 0.49 3.83 93.09 95.08 86.00 100.00 14.00
Annular Female 62 95.26 3.80 14.41 0.48 3.99 94.30 96.23 87.00 104.00 17.00
A-P Female 81 94.06 3.74 13.99 0.42 3.98 93.24 94.89 86.00 105.00 19.00
Total 196
Normal Female 47 95.09 4.39 19.31 0.64 4.62 93.80 96.38 87.00 109.00 22.00
Annular Female 57 96.76 3.84 14.72 0.51 3.96 95.75 97.78 87.00 104.00 17.00| | | A-P Female 66 95.94 4.61 21.29 0.57 4.81 94.80 97.07 85.00 106.00 21.00
Total 170
Normal Female 54 118.49 4.22 17.79 0.57 3.56 117.34 119.64 105.90 126.90 21.00
Annular Female 62 117.98 4.21 17.70 0.53 3.57 116.91 119.04 109.23 129.23 20.00
ll A-P Female 81 123.45 4.81 23.14 0.53 3.90 122.39 124.51 112.70 132.60 19.90. 9  CO 
flÛ Total 197
Normal Female 53 109.76 5.96 35.56 0.82 5.43 108.12 111 41 97.69 126.10 28.41n Annular Female 61 114.45 5.87 34.49 0.75 5.13 112.95 115.96 101.92 126.50 24.58A-P Female 81 107.97 5.26 27.68 0.58 4.87 106.81 109.14 94.40 120.22 25.82
Total 195
Continued on next page.
ë
CD
■ D
O
Q .
C
g
Q .
■D
CD
(/)
C/)
8
T3»<
(Q '
Table 11 : Female vault measurement descriptive statistics cont.
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Types # o f Std. CoefT. of 95% Confidence Interval .  Min RangeMeasures
Indiv.
Mean Stu« )^ev« Variance Error Variation Lower Upper Max.
Normal Female 53 103.87 4.73 22.41 0.65 4.56 102.57 105.18 92.78 114.40 21.6211 Annular Female 61 100.72 6.46 41.71 0.83 6.41 99.07 102.38 87.51 113.00 25.49A-P Female 78 96.19 6.18 38.15 0.70 6.42 94.80 97.58 79.92 108.40 28.48
Total 192
11 Normal Female 53 99.12 5.12 26.22 0.70 5.17 97.71 100.53 85.60 112.90 27.30Annular Female 59 102.95 6.60 43.62 0.86 6.42 101.22 104.67 85.27 118.70 33.43
A-P Female 78 98.84 6.76 45.68 0.77 6.84 97.31 100.36 84.55 116.70 32.15
Total 190
e  G _ Normal Female 52 32.98 2.00 3.98 0.28 6.05 32.43 33.54 29.30 37.80 8.50§ If Annular Female 60 33.05 1.91 3.66 0.25 5.79 32.56 33.55 28.40 38.10 9.70A-P Female 81 32.97 2.11 4.44 0.23 6.39 32.50 33.44 28.60 40.52 11.92
(ju 2 Total 193
B g  g Normal Female 52 28.58 1.79
3.19 0.25 6.25 28.08 29.08 25.50 32.76 7.26
Annular Female 61 28.71 1.72 2.95 0.22 5.98 28.27 29.15 24.73 33.50 8.77
A-P Female 80 28.79 1.67 2.80 0.19 5.81 28.42 29.16 23.80 31.70 7.90
tu 2  “ Total 193
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Table 12: Female mandibular measurement descriptive statistics
Measures Types # of Mean Std. CoefT. o f 95% Confidence Interval .  M in Max. RangeIndiv U cV . V ailttnC C Error Variation Lower Upper iViin.
•Ü - Normal Female 28 30.17 2.22 4.92 0.42 7.35 29.31 31.03 26.50 33.80 7.30
!# - a e Annular Female 28 31.25 2.75 7.57 0.52 8.80 30.18 32.31 26.50 39.19 12.69
A-P Female 39 31.44 2.88 8.29 0.46 9.16 30.50 32.37 25.58 36.70 11.12
Total 95
W jB Normal Female 29 11.66 1.12 1.25 0.21 9.59 11.24 12.09 8.70 13.73 5.03
%  ^  c Annular Female 28 11.65 1.15 1.33 0.22 9.91 11.20 12.09 9.27 14.10 4.83
A-P Female 39 11.57 1.19 1.41 0.19 10.28 11.18 11.95 8.87 13.71 4.84
Total 96
•3 Normal Female 32 92.99 4.49 20.14 0.79 4.83 91.37 94.61 85.23 105.10 19.87
I I Annular Female 31 92.03 5.89 34.73 1.06 6.40 89.87 94.19 75.58 102.85 27.27A-P Female 49 94.25 6.16 37.99 0.88 6.54 92.48 96.02 83.30 117.40 34.10CO 112
M  < Normal Female 32 117.05 5.16 26.63 0.91 4.41 115.19 118.91 104.20 128.40 24.20
Annular Female 31 114.50 6.70 44.91 1.20 5.85 112.04 116.96 92.00 126.77 34.77
§ 1 A-P Female 48 119.49 4.92 24.24 0.71 4.12 118.06 120.92 109.10 129.88 20.78
Total I I I
.s  1 1
Normal Female 34 33.06 2.06 4.25 0.35 6.24 32.34 33.77 29.75 36.99 7.24
Annular Female 31 33.55 2.18 4.75 0.39 6.50 32.75 34.35 28.56 38.30 9.74
Z  1  £ A-P Female 49 33.19 2.92 8.55 0.42 8.81 32.35 34.03 25.97 38.80 12.83
Total 114
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Table 13: Female facial measurement descriptive statistics
Measures Types # o findiv. Mean Std. Dev Variance
Std.
Error
CoefT. of 
Variation
95% Confidence Interval
Lower Upper
Min. Max. Range
A Ü Normal Female 31 58.63 2.43 5.89 0.44 4.14 57.74 59.52 52.80 63.30 10.50
Annular Female 45 59.15 2.38 5.67 0.35 4.02 58.43 59.86 54.40 63.70 9.30
A-P Female 45 60.57 2.72 7.40 0.41 4.49 59.75 61.39 54.00 69.60 15.60
Total 121
Normal Female 47 65.96 3.91 15.28 0.57 5.93 64.82 67.11 54.70 74.40 19.70
Ilf Annular Female 57 68.15 3.36 11.27 0.44 4.93 67.26 69.04 60.90 76.61 15.71A-P Female 66 68.52 4.43 19.63 0.55 6.47 67.43 69.61 57.90 80.76 22.86
Total 170
Normal Female 53 100.36 3.28 10.73 0.45 3.26 99.46 101.26 93.30 106.78 13.48
Annular Female 62 99.76 3.77 14.19 0.48 3.78 98.81 100.72 92.10 111.17 19.07
A-P Female 81 102.53 3.69 13.64 0.41 3.60 101.71 103.34 93.30 111.47 18.17
Total 196
III
Normal Female 54 87.33 3.83 14.63 0.52 4.38 86.29 88.38 79.40 98.59 19.19
Annular Female 62 86.01 5.26 27.70 0.67 6.12 84.67 87.34 73.40 97.00 23.60
A-P Female 81 87.42 4.36 19.00 0.48 4.99 86.45 88.38 77.50 98.20 20.70
s  ® Total 197
Normal Female 54 47.10 2.59 6.73 0.35 5.51 46.39 47.80 41.00 52.20 11.20
It Annular Female 61 49.37 2.55 6.48 0.33 5.16 48.71 50.02 43.40 56.18 12.78A-P Female 81 48.63 2.80 7.86 0.31 5.76 48.01 49.25 43.10 56.30 13.20
Total 196
Normal Female 52 23.74 1.70 2.88 0.24 7.14 23.26 24.21 19.70 28.90 9.20
Annular Female 61 24.29 1.63 2.66 0.21 6.72 23.88 24.71 21.08 30.00 8.92Z J A-P Female 79 24.26 1.56 2.44 0.18 6.44 23.91 24.61 21.28 28.20 6.92
Total 192
— Normal Female 54 38.06 1.46 2.12 0.20 3.83 37.67 38.46 34.80 40.90 6.101 1 Annular Female 62 38.03 1.64 2.69 0.21 4.31 37.62 38.45 33.87 41.60 7.73
g  1 A-P Female 81 38.13 1.70 2.89 0.19 4.46 37.75 38.50 33.70 41.50 7.80
Total 197
Continued on the next page.
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Table 13: Female facial measurement descriptive statistics cont.
Measures Types # o fIndiv. Mean Std. Dev Variance
Std.
Error
CoefT. o f 
Variation
95% Confidence Interval
Lx>wer Upper
Min. Max. Range
Normal Female 54 34.26 1.78 3.18 0.24 5.21 33.78 34.75 30.40 38.50 8.10
l î Annular Female 62 36.14 1.78 3.17 0.23 4.93 35.69 36.59 31.00 40.70 9.70A-P Female 81 35.77 2.02 4.08 0.22 5.65 35.33 36.22 29.50 40.60 11.10
Total 197
Normal Female 53 94.01 3.18 10.12 0.44 3.38 93.14 94.89 88.40 100.70 12.30
Annular Female 62 93.80 3.26 10.63 0.41 3.48 92.97 94.63 86.68 103.73 17.0511 A-P Female 81 95.95 3.52 12.41 0.39 3.67 95.17 96.73 86.10 104.12 18.0200 00 Total 196
II Normal Female 53 19.75 1.72 2.96 0.24 8.71 19.28 20.22 16.20 25.00 8.80Annular Female 62 21.02 2.36 5.55 0.30 11.21 20.42 21.62 16.84 27.70 10.86
b  1 A-P Female 80 21.73 2.12 4.48 0.24 9.74 21.26 22.20 16.22 28.86 12.64
Total 195
M
Normal Female 49 127.96 4.64 21.55 0.66 3.63 126.63 129.30 116.00 139.00 23.00
Annular Female 57 127.47 4.72 22.32 0.63 3.71 126.21 128.72 116.00 140.00 24.00
A-P Female 73 131.57 4.67 21.84 0.55 3.55 130.48 132.66 119.00 142.00 23.00
m Total 179
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APPENDIX V
NORMALITY TESTS 
MALE VERSUS FEMALE T-TESTS
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Table 14: Vault measurements normality tests
Kolmogorov-Smimov Shapiro-Wilk
Deformation Sex Statistic df P-value Statistic df P-value
Maximum Cranial Length Normal Female 0.09 45 0.20 0.98 45 0.62
Normal Male 0.08 54 0.20
Annular Female 0.13 54 0.02
Annular Male 0.13 40 0.09 0.95 40 0.16
A-P Female 0.07 62 0.20
A-P Male 0.12 36 0.20 0.95 36 0.19
Maximum Cranial Breadth Normal Female 0.10 45 0.20 0.97 45 0.56
Normal Male 0.09 54 0.20
Annular Female 0.09 54 0.20
Annular Male 0.12 40 0.14 0.96 40 0.28
A-P Female O il 62 0.07
A-P Male 0.11 36 0.20 0.97 36 0.64
Basion Bregma Height Normal Female 0.07 45 0.20 0.99 45 0.92
Normal Male 0.07 54 0.20
Annular Female 0.08 54 0.20
Annular Male 0.15 40 0.03 0.97 40 0.49
A-P Female 0.13 62 0.02
A-P Male 0.15 36 0.05 0.97 36 0.61
Cranial Base Length Normal Female 0.10 45 0.20 0.95 45 0.12
Normal Male 0.16 54 0.00
Annular Female 0.15 54 0.00
Annular Male 0.11 40 0.20 0.96 40 0.21
A-P Female 0.09 62 0.20
A-P Male 0.14 36 0.09 0.97 36 0.61
Basion-Prosthion Length Normal Female 0.15 45 0.02 0.94 45 0.04
Normal Male 0.08 54 0.20
Annular Female 0.08 54 0.20
Annular Male 0.09 40 0.20 0.97 40 0.53
A-P Female 0.09 62 0.20
A-P Male 0.10 36 0.20 0.95 36 0.18
Biauricular Breadth Normal Female 0.08 45 0.20 0.98 45 0.84
Normal Male 0.09 54 0.20
Annular Female O il 54 0.17
Annular Male 0.08 40 0.20 0.98 40 0.59
A-P Female 0.10 62 0.19
A-P Male 0.07 36 0.20 0.98 36 0.66
Frontal Chord Normal Female 0.08 45 0.20 0.97 45 0.41
Normal Male 0.10 54 0.20
Annular Female 0.05 54 0.20
Annular Male 0.06 40 0.20 0.97 40 0.52
A-P Female 0.09 62 0.20
A-P Male 0.10 36 0.20 0.96 36 0.37
Continued on the next page
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Table 14: Vauh measurements normality test cont.
Kolmogorov-Smimov Shapiro-Wilk
Deformation Sex Statistic df P-value Statistic df P-value
Parietal Chord Normal Female 0.09 45 0.20 0.95 45 0.13
Normal Male 0.09 54 0.20
Annular Female 0.05 54 0.20
Annular Male 0.08 40 0.20 0.98 40 0.81
A-P Female 0.06 62 0.20
A-P Male 0.09 36 0.20 0.96 36 0.35
Occipital Chord Normal Female 0.13 45 0.05 0.97 45 0.43
Normal Male 0.06 54 0.20
Annular Female 0.13 54 0.02
Annular Male O il 40 0.20 0.98 40 0.76
A-P Female 0.09 62 0.20
A-P Male 0.08 36 0.20 0.97 36 0.58
Foramen Magnum Length Normal Female 0.08 45 0.20 0.97 45 0.48
Normal Male 0.12 54 0.05
Annular Female 0.06 54 0.20
Annular Male 0.09 40 0.20 0.96 40 0.34
A-P Female 0.06 62 0.20
A-P Male 0.09 36 0.20 0.97 36 0.44
Foramen Magnum Breadth Normal Female 0.12 45 0.15 0.94 45 0.03
Normal Male 0.09 54 0.20
Annular Female 0.07 54 0.20
Annular Male 0.10 40 0.20 0.96 40 0.22
A-P Female 0.08 62 0.20
A-P Male 0.06 36 0.20 0.98 36 0.66
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Table IS: Mandibulur measurements normality tests
Kolmogorov-Smimov Shapiro-Wilk
Deformation Sex Statistic df P-value Statistic df P-value
Mandible Height (MF) Normal Female 0.16 26 0.07 0.92 26 0.04
Normal Male 0.14 31 0.12 0.95 31 0.23
Annular Female 0.12 28 0.20 0.96 28 0.45
Annular Male 0.22 19 0.01 0.92 19 0.15
A-P Female 0.09 38 0.20 0.97 38 0.49
A-P Male 0.08 28 0.20 0.98 28 0.78
Mandible Breadth (MF) Normal Female 0.10 26 0.20 0.97 26 0.58
Normal Male 0.10 31 0.20 0.97 31 0.69
Annular Female 0.10 28 0.20 0.98 28 0.89
Annular Male 0.22 19 0.02 0.83 19 0.01
A-P Female 0.10 38 0.20 0.98 38 0.83
A-P Male 0.11 28 0.20 0.96 28 0.41
Bigonial Width Normal Female 0.11 26 0.20 0.96 26 0.46
Normal Male 0.11 31 0.20 0.95 31 0.27
Annular Female 0.12 28 0.20 0.97 28 0.61
Annular Male 0.22 19 0.01 0.89 19 0.03
A-P Female 0.11 38 0.20 0.91 38 0.01
A-P Male 0.10 28 0.20 0.94 28 0.17
Bicondylar Breadth Normal Female O il 26 0.20 0.98 26 0.74
Normal Male 0.08 31 0.20 0.96 31 0.46
Annular Female 0.11 28 0.20 0.93 28 0.08
Annular Male 0.18 19 0.09 0.94 19 0.36
A-P Female 0.08 38 0.20 0.98 38 0.82
A-P Male 0.10 28 0.20 0.97 28 0.54
Min. Ramus Breadth Normal Female 0.14 26 0.20 0.95 26 0.30
Normal Male 0.14 31 O.IS 0.96 31 0.43
Annular Female 0.11 28 0.20 0.98 28 0.93
Annular Male 0.12 19 0.20 0.95 19 0.48
A-P Female 0.10 38 0.20 0.99 38 0.94
A-P Male 0.07 28 0.20 0.98 28 0.94
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Table 16: Facial measurements normality tests
Kolmogorov-Smimov Shapiro-Wilk
Deformation Sex Statistic df P-value Statistic df P-value
Maxillo-Alveolar Breadth Normal Female 0.14 26 0.20 0.95 26 0.26
Normal Male 0.14 38 0.07 0.96 38 0.29
Annular Female 0.13 41 0.09 0.96 41 0.32
Annular Male 0.11 29 0.20 0.96 29 0.45
A-P Female 0.11 42 0.19 0.96 42 0.28
A-P Male 0.12 21 0.20 0.98 21 0.83
Upper Facial Height Normal Female 0.13 26 0.20 0.95 26 0.25
Normal Male 0.17 38 0.01 0.95 38 0.22
Annular Female 0.14 41 0.05 0.97 41 0.38
Annular Male 0.14 29 0.16 0.93 29 0.08
A-P Female 0.07 42 0.20 0.98 42 0.70
A-P Male 0.14 21 0.20 0.95 21 0.42
Upper Facial Breadth Normal Female 0.09 26 0.20 0.97 26 0.73
Normal Male O il 38 0.20 0.92 38 0.01
Annular Female 0.06 41 0.20 0.98 41 0.72
Annular Male 0.16 29 0.06 0.93 29 0.07
A-P Female 0.12 42 0.13 0.98 42 0.63
A-P Male 0.15 21 0.20 0.94 21 0.28
Minimum Frontal Breadth Normal Female 0.15 26 0.17 0.97 26 0.59
Normal Male 0.10 38 0.20 0.96 38 0.30
Annular Female 0.08 41 0.20 0.97 41 0.47
Annular Male 0.12 29 0.20 0.95 29 0.22
A-P Female 0.11 42 0.20 0.97 42 0.44
A-P Male 0.18 21 0.08 0.93 21 0.17
Nasal Height Normal Female 0.09 26 0.20 0.99 26 0.98
Normal Male 0.06 38 0.20 0.99 38 0.97
Annular Female 0.07 41 0.20 0.99 41 0.92
Annular Male 0.11 29 0.20 0.96 29 0.46
A-P Female 0.12 42 0.18 0.97 42 0.37
A-P Male 0.08 21 0.20 0.99 21 0.99
Nasal Breadth Normal Female 0.08 26 0.20 0.98 26 0.92
Normal Male 0.11 38 0.20 0.99 38 0.92
Annular Female 0.07 41 0.20 0.96 41 0.29
Annular Male 0.09 29 0.20 0.97 29 0.63
A-P Female 0.08 42 0.20 0.96 42 0.33
A-P Male 0.15 21 0.20 0.96 21 0.50
Orbital Breadth' Normal Female 0.09 26 0.20 0.97 26 0.62
Normal Male 0.08 38 0.20 0.93 38 0.03
Annular Female 0.10 41 0.20 0.96 41 0.28
Annular Male 0.13 29 0.20 0.97 29 0.57
A-P Female 0.08 42 0.20 0.99 42 0.91
A-P Male 0.17 21 0.14 0.95 21 0.42
Continued on the next page
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Table 16: Facial measurements normality tests cont.
Kolmogorov-Smimov Shapiro-Wilk
Deformation Sex Statistic df P-value Statistic df P-value
Orbital Height Normal Female 0.12 26 OJO 0.97 26 0.62
Normal Male 0.09 38 0.20 0.98 38 0.75
Annular Female 0.10 41 0.20 0.97 41 0.41
Annular Male 0.09 29 0.20 0.97 29 0.50
A-P Female 0.10 42 0.20 0.97 42 0.49
A-P Male 0.11 21 0.20 0.97 21 0.67
Biorbital Breadth' Normal Female 0.14 26 0.18 0.95 26 0 2 9
Normal Male 0.14 38 0.08 0.93 38 0.03
Annular Female 0.09 41 0.20 0.95 41 0.17
Annular Male 0.07 29 0.20 0.98 29 0.79
A-P Female 0.10 42 0.20 0.98 42 0.66
A-P Male 0.19 21 0.05 0.91 21 0.05
Interorbital Breadth Normal Female 0.10 26 0.20 0.97 26 0.67
Normal Male 0.08 38 0.20 0.99 38 0.92
Annular Female 0.12 41 0.19 0.% 41 0.36
Annular Male 0.11 29 0.20 0.95 29 0.32
A-P Female 0.10 42 0.20 0.97 42 0.37
A-P Male 0.16 21 0.18 0.97 21 0.70
Bizygomatic Breadth Normal Female 0.08 26 0.20 0.98 26 0.77
Normal Male 0.14 38 0.06 0.96 38 0.33
Annular Female 0.16 41 0.01 0.96 41 0.26
Annular Male 0.15 29 0.09 0.94 29 0.16
A-P Female 0.08 42 0.20 0.99 42 0.99
A-P Male 0.15 21 0.20 0.96 21 0.47
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Table 17: In d ep en d en t samples t-test Normal females vs. Normal males
Measurements TestTvne
Lfvene's Test Variance Equality 
F-stat. P-value
t-test Mean Equality 
t-statistic d f  P-value
Mean
DifT.
Std. Error 
Diff.
§ V ault
o Maximum Cranial Length 1 5.36 0.02 -4.82 115 0.00 -6.01 1.25
3 2 -5.02 115 0.00 -6.01 1.20
CD Maximum Cranial Breadth 1 1.23 0.27 -3.76 114 0.00 -3.79 101
O 2 -3.83 114 0.00 -3.79 0.99
Basion Bregma Height 1 0.38 0.54 -4.05 112 0.00 -4.12 1.02
CQ 2 -4.13 I I I 0.00 -4.12 1.00
Cranial Base Length 1 0.00 0.97 -7.14 115 0.00 -5.05 0.71
1 2 -7.23 112 0.00 -5.05 0.70
CD Basion-Prosthion Height 1 3.52 0.06 -3.14 101 0.00 -3.04 0.97
2 -3.22 101 0.00 -3.04 0.94
"n
c Biauricular Breadth 1 0.76 0.39 -7.75 116 0.00 -6.78 0.88
3 - 2 -7.89 115 0.00 -6.78 0.86
? Frontal Chord 1 0.50 0.48 -3.11 113 0.00 -3.38 1.08
3 2 -3.08 102 0.00 -3.38 I.IO
"Og Parietal Chord 1 3.05 0.08 -1.56 I I I 0.12* -1.54 0.99
Q . 2 -1.58 I I I 0.12* -1.54 0.97
C
a Occipital Chord 1 6.17 0.01 -2.90 no 0.00 -3.54 1.22
o' 2 -2.99 107 0.00 -3.54 1.19
3
"O Foramen Magnum Length 1 2.20 0.14 -3.15 112 0.00 -1.29 0.41
o 2 -3.22 I I I 0.00 -1.29 0.40
3 " Foramen Magnum Breadth 1 0.03 0.87 -5.88 112 0.00 -2.14 0.36
<—H 2 -5.96 no 0.00 -2.14 0.36
Q . M an d ib le
$  
(—H Mandible Height (MF) 1 0.54 0.47 -3.67 57 0.00 -2.39 0.65
3 "o 2 -3.71 56 0.00 -2.39 0.64
Mandible Breadth (MF) 1 3.88 0.05 -3.63 61 0.00 -1.24 0.34
"O
CD 2 -3.71 60 0.00 -1.24 0.33
3
C/)
C/)
o'
3
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Table 17: Independent samples t-test Normal females vs. Normal males cont.
3
3"
CD
CD■D
O
Q .
C
aO3
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CD
Q .
■D
CD
C/)(/)
Measurements
Test Levene's Test Variance Equality t-test Mean Equality Mean Std. Error
Type F-stat. P-value t-statistic d f P-value Diff. Diff.
M a nd ib le
Bigonial Width 1 0.66 0.42 -5.17 66 0.00 -6.38 1.23
2 -5.24 65 0.00 -6.38 1.22
Bicondylar Breadth 1 0.10 0.76 -3.69 65 0.00 -4.70 1.28
2 -3.69 65 0.00 -4.70 1.28
Min. Ramus Breadth 1 7.15 0.01 -4.04 68 0.00 -3.20 0.79
2 -4.11 52 0.00 -3.20 0.78
F ace
Maxillo-Alveolar Breadth 1 2.37 0.13 -4.81 73 0.00 -3.19 0.66
2 -5.06 71 0.00 -3.19 0.63
Upper Facial Height 1 0.89 0.35 -4.04 100 0.00 -3.30 0.82
2 -4.06 97 0.00 -3.30 0.81
Upper Facial Breadth 1 1.66 0.20 -4.97 115 0.00 -3.47 0.70
2 -5.11 115 0.00 -3.47 0.68
Minimum Frontal Breadth 1 3.04 0.08 -4.06 116 0.00 -3.42 0.84
2 -4.20 116 0.00 -3.42 0.81
Nasal Height 1 2.18 0.14 -6.18 116 0.00 -3.46 0.56
2 -6.35 116 0.00 -3.46 0.54
Nasal Breadth 1 0.07 0.79 -1.77 113 0.08* -0.55 0.31
2 -1.78 106 0.08* -0.55 0.31
O rbita l B read th ' 1 0.33 0.57 -1.86 116 0.07* -0.54 0.29
2 -1.89 115 0.06* -0.54 0.29
Orbital Height 1 0.33 0.57 -1.31 116 0.19* -0.46 0.35
2 -1.32 112 0.19* -0.46 0.35
Biorbital B read th ' 1 0.07 0.79 -4.77 115 0.00 -3.18 0.67
2 -4.87 114 0.00 -3.18 0.65
Interorbital Breadth 1 5.37 0.02 -5.02 114 0.00 -1.92 0.38
2 -5.17 114 0.00 -1.92 0.37
Bizygomatic Breadth 1 0.95 0.33 -9.04 108 0.00 -8.93 0.99
2 -9.22 105 0.00 -8.93 0.97
1 = Equal variance assumed, 2 Equal variances not assumed 
*Non-significant results
I
CD
■D
O
Q .
C
g
Q .
§  1—H
3 "
"O
CD
3 Table 18: Independent sam ples t-test A nnular fem ales vs. A nnular m ales
w '
C/) M cdsiircm cnts T est L evene's T est Variance Equality t-test M ean Equality M ean Std. Error
o ' T ype F-stat. P -value t-statistic d f P-value Diff. D iff.
3
V a u l t
M axim um  C ranial Length 1 0.06 0.80 -4.85 99 0.00 -7.82 1.61
O 2 -4.77 86 0.00 -7.82 1.64
8 M axim um  C ranial Breadth 1 1.39 0.24 -3.53 100 0.00 -4.04 1.15
2 -3.38 76 0.00 -4.04 1.20
C Q Basion Bregm a H eight 1 2.09 0.15 -3.27 99 0.00 -4.28 1.31
2 -3.15 78 0.00 -4.28 1.36
1 Cranial Base Length 1 3.59 0.06 -5.45 100 0.00 -4.27 0.78
CD 2 -5.29 81 0.00 -4.27 0.81
Basion-Prosthion H eight 1 2.34 0.13 -4.27 94 0.00 -3.88 0.91
T l
C 2 -4.11 72 0.00 -3.88 0.94
3 " Biauricular Breadth 1 1.64 0.20 -5.31 100 0.00 -4.55 0.86
2 -5.20 84 0.00 -4.55 0.88
CD Frontal C hord 1 0.33 0.57 -3.16 99 0.00 -4.02 1.27
O 2 -3.12 87 0.00 -4.02 1.29
Q .
C Parietal C hord 1 0.24 0.62 -2.54 98 0.01 -3.33 1.31
a 2 -2.54 91 0.01 -3.33 1.31
3 O ccip ital C hord 1 0.43 0.51 -1.78 96 0.08* -2.53 1.42
"O
Q 2 -1.77 88 0.08* -2.53 1.43
3 " Foram en M agnum  Length 1 1.96 0.16 -2.56 98 0.01 -1.12 0.44
O '1—H 2 -2.49 80 0.01 -1.12 0.45
Q . Foram en M agnum  Breadth 1 1.61 0.21 -2.98 98 0.00 -1.14 0.38
g 2 -2.91 81 0.00 -1.14 0.39
3o M a n d i b l e
C_ M andible H eigh t (MF) 1 0.12 0.73 -2.20 45 0.03 -1.69 0.77
"O
CD 2 -2.11 35 0.04 -1.69 0.80
3 M andible Breadth (MF) 1 0.01 0.94 -0.48 45 0.63* -0.18 0.38
(/)
(/) 2 -0.47 36 0.64* -0.18 0.39
o'
3 C ontinued  on  next page
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Table 18: Independen t sam ples t-test A nnular fem ales vs. A nnular m ales cont.
M easurem ents
T est
T yp e
Levene's T est V ariance Equality  
F-stat. P -value
t-test M ean Equality  
t-statistic d f  P -value
M ean
Diff.
S td . Error 
Diff.
o Mandible
Bigonial W idth 1 1.31 0.26 -3.80 48 0.00 -7.20 1.89
o 2 -3.61 34 0.00 -7.20 1.99
8 Bicondylar Breadth 1 0.19 0.66 -3.54 48 0.00 -6.39 1.81
2 -3.58 43 0.00 -6.39 1.78
C Q ' M in. R am us Breadth 1 3.63 0.06 -2.95 49 0.00 -2.25 0.76
3" 2 -2.74 32 0.01 -2.25 0.82
I Face
3 M axillo-A lveolar Breadth 1 2.54 0.12 -4.96 70 0.00 -3.34 0.67
2 -4.68 49 0.00 -3.34 0.71
"n U pper Facial H eight 1 8.71 0.00 -4.30 91 0.00 -3.40 0.79c
3. 2 -4.07 65 0.00 -3.40 0.83
3"
CD U pp er Facial Breadth 1 0.30 0.58 -6.82 100 0.00 -4.95 0.73
2 -6.75 89 0.00 -4.95 0.73
O
"O M inim um  Frontal Breadth 1 0.25 0.62 -2.48 100 0.01 -2.58 1.04
O 2 -2.51 96 0.01 -2.58 1.03
c N asa l H eigh t 1 0.58 0.45 -5.39 99 0.00 -2.64 0.49
a 2 -5.33 88 0.00 -2.64 0.49
3 N asal Breadth 1 2.01 0.16 -1.06 99 0.29* -0.37 0.35
■D 2 -1.04 86 0.30* -0.37 0.36
O
3" O rbital Breadth' 1 0.16 0.69 -4.73 100 0.00 -1.59 0.34
CT 2 -4.70 91 0.00 -1.59 0.34
CD
Q . Orbital Height 1 0.76 0.38 -0.70 100 0.48* -0.26 0.37
$ 2 -0.70 90 0.49* -0.26 0.371—H
3" Biorbital Breadth 1 1.61 0.21 -6.42 100 0.00 -4.33 0.67
O
C_ 2 -6.25 82 0.00 -4.33 0.69
"O Interorbital Breadth 1 2.58 0.11 -1.55 99 0.12* -0.66 0.43
CD 2 -1.63 99 0.11* -0.66 0.41
3
if)
Bizygom atic Breadth 1 6.62 0.01 -8.54 95 0.00 -8.53 1.00
w 2 -8.26 74 0.00 -8.53 1.03o
3 1 = Equal variance assu m ed , 2  = Equal variance not assu m ed
^ N on sign ifican t resu lts g
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3 Table 19: Independent samples t-test A-P females vs. A-P males
w
Test Levene's Test Variance Equality t-test Mean Equality Mean Std. Error
5' ivicasuicnicnis Type F-stat. P-value t-statistic d f P-value Diff. Diff.
o V ault
Maximum Cranial Length 1 0.01 0.93 -4.77 116 0.00 -6.65 1.39
2 -4.84 82 0.00 -6.65 1.37
8 Maximum Cranial Breadth 1 1.45 0.23 -2.03 116 0.04 -2.85 1.40
"O 2 -1.92 68 0.06* -2.85 1.48
CQ Basion Bregma Height 1 0.26 0.61 -6.15 116 0.00 -6.24 I.OI
2 -6.22 81 0.00 -6.24 1.00
1 Cranial Base Length 1 0.38 0.45 -5.71 116 0.00 -4.52 0.79
CD 2 -5.39 68 0.00 -4.52 0.84
Basion-Prosthion Height 1 0.05 0.83 -3.29 95 0.00 -3.26 0.99
Tl
C 2 -3.26 66 0.00 -3.26 1.00
3 " Biauricular Breadth 1 0.17 0.68 -4.09 116 0.00 -3.79 0.93
2 -4.17 83 0.00 -3.79 0.91
CD
~o Frontal Chord 1 0.07 0.79 -4.45 116 0.00 -4.50 I.OI
O 2 -4.56 84 0.00 -4.50 0.99
C Parietal Chord 1 0.34 0.56 -2.41 III 0.02 -3.05 1.27
& . 2 -2.37 71 0.02 -3.05 1.29
3 Occipital Chord 1 2.29 0.13 -1.31 III 0.19* -1.64 1.26
"O
O 2 -1.43 94 0.16* -1.64 1.15
3 " Foramen Magnum Length 1 0.36 0.55 -0.81 116 0.42* -0.34 0.42
<—H 2 -0.81 79 0.42* -0.34 0.42
Q . Foramen Magnum Breadth 1 7.79 0.01 -2.99 115 0.00 -1.15 0.38
2 -2.67 59 0.01 -1.15 0.43
3 "
O M a nd ib le
Mandible Height (MF) 1 1.81 0.18 -3.21 63 0.00 -2.21 0.69
"O
CD 2 -3.28 62 0.00 -2.21 0.67
3 Mandible Breadth (MF) 1 0.28 0.60 -2.02 63 0.05 -0.60 0.30
c/)
c/) 2 -2.04 60 0.05 -0.60 0.30
o"
3 Continued on next page
s
C D
■ D
O
Q .
C
8
Q .
■D
CD
C/)
C/)
CD
8
3.3"
CD
CD■D
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C /)
C /)
Measurements
Table 19: Independent samples t-test A-P females vs. A-P males cont. 
Test Levttie's Test V arïân ^  Ëquality t-test Mean Equality 
Type F-stat. P-value t-statistic S T P ^ v a lü ë"
K fand ih le
Mean
■ Piffi
std. Error 
Diff.
Bigonial Width 1 0.10 0.76 -3.73 73 0.00 -5.47 1.47
2 -3.79 59 0.00 -5.47 1.44
bicondylar Breadth 1 0.04 0.84 -4.05 71 0.00 -4.99 1.23
2 -4.00 53 0.00 -4.99 1.25
Min. Ramus Breadth 1 0.05 0.82 -3.68 73 0.00 -2.65 0.72
2 -3.63 55 0.00 -2.65 0.73
F ace
Maxillo-Alveolar Breadth 1 6.24 0.02 -2.32 63 0.02 -1.97 0.85
2 -2.08 33 0.05 -1.97 0.95
Upper Facial Height 1 0.38 0.54 -2.03 93 0.05 -2.01 0.99
2 -1.99 60 0.05 -2.01 1.01
Upper Facial Breadth 1 0.04 0.85 -3.03 116 0.00 -2.18 0.72
2 -3.02 78 0.00 -2.18 0.72
Minimum Frontal Breadth 1 1.94 0.17 -1.61 116 Oi l * -1.45 0.90
2 -1.50 66 0.14* -1.45 0.97
Nasal Height 1 0.03 0.85 -3.08 116 0.00 •1.66 0.54
2 -3.03 75 0.00 -1.66 0.55
Nasal Breadth 1 0.00 1.00 -0.78 112 0.43* -0.25 0.32
2 -0.77 70 0.45* -0.25 0.32
O rbita l B readth ' 1 1.04 0.31 -2.37 116 0.02 -0.77 0.33
2 -2.41 83 0.02 -0.77 0.32
Orbital Height 1 0.27 0.60 -0.40 116 0.69* -0.16 0.40
2 -0.40 77 0.69* -0.16 0.41
Biorbital B read th ' 1 0.25 0.62 -3.45 116 0.00 -2.42 0.70
2 -3.37 74 0.00 -2.42 0.72
Interorbital Breadth 1 0.07 0.79 -1.24 115 0.22* -0.50 0.40
2 -1.25 82 0.22* -0.50 0.40
Bizygomatic Breadth 1 0.61 0.44 -6.80 106 0.00 -6.72 0.99
2 -6.59 67 0.00 -6.72 1.02
*Non-signifîcant results
' I
APPENDIX VI
ONE-WAY ANOV A NORMAL VS. ANNULAR VS. ANTEROPOSTERIOR TABLE 
BONEFERRONI MULTIPLE COMPARISON TABLE
245
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Table 20: ANOV A Normal vs. Annular vs. Anteroposterior
Levene Equality o f Variance ANOVAr«viMi ivic«MiTcmcnis — F-Stat. P-Value F-Stat. P-value
Basion-Prosthion Length"* 3.12 0.08 2.72 0.07-
Nonsignificant Cranial Base Length Foramen Magnum Length 
Foramen Magnum Breadth
1.30
3.58
4.68
0.26
0.06
0 .03-
3.32 
2.63
3.33
0.04-
0.07-
0.04-
Max. Cranial Length 0.44 0.51 90.04 0.00
Vault Max. Cranial Breadth 0.19 0.67 129.33 0.00
Significant
Basion-Bregma Length 
Biauricular Breadth
0.35
0.14
0.56
0.71
5.54
24.95
0.00
0.00
Frontal Chord 0.26 0.61 35.72 0.00
Parietal Chord 0.03 0.87 45.83 0.00
Occipital Chord 0.83 0.36 13.54 0.00
Mandible Nonsignificant
Mandible Height (MF) 
Bigonial Width 
Min. Ramus Breadth
0.00
1.02
8.17
0.97
0.31
0 .00-
1.68
I.OI
0.53
0.19-
0.37-
0.59-
Mandible Breadth (MF) 1.43 0.23 3.82 0.02-
Significant Bicondylar Breadth 0.02 0.89 8.06 0.00
Palate Breadth" 5.81 0 .02- I.IO 0.33-
Nonsignificant Nasal Breadth"" 
Orbit Breadth "
0.76
0.06
0.38
0.81
1.44
1.32
0.24-
0.27-
Biorbital Breadth' 0.14 0.70 3.33 0.04-
Face
Upper Facial Height* 
Upper Facial Breadth
1.84
0.08
0.18
0.77
4.62
4.11
0.01
0.00
Minimum Frontal Breadth* 2.90 0.09 6.69 0.00
Significant Nasal Height*" 1.66 0.20 7.07 0.00
Orbit Height" 0.78 0.38 25.01 0.00
Interorbital Breadth 0.79 0.37 7.79 0.00
Bizygomatic Breadth" 1.63 0.20 5.57 0.00
* Measurements consider as unaffected by CRS 
"^Measurements considered as unaffected, added to CRS 
-N on significant results at the P < 0.05 or P < 0.01 level %
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APPENDIX VII
DISCRIMINANT FUNCTION TABLES AND FIGURES
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Table 22: Significant measurements discriminant fimction tables
___________________Eigenvalues_________________________
Function Eigenvalue % o f Variance Cum. % Correl.
I 2.03 81.12 81.12 0.82
 2__________________0 4 7___________ 18JW__________ 100 0.57
Structure matrix
Function
1 2
Maximum Cranial Breadth 4).6I' -0.01
Maximum Cranial Length 0.53' -0.24
Frontal Chord 0.31' 0.29
Biauricular Breadth -0.24' -0.04
Occipital Chord 0.22' 0.2
Bizygomatic Breadth -0.11' -0.03
Upper Facial Breadth -0.09' 0.06
Oitital Height 0.02 0.55'
Parietal Chord 0.28 -0.54'
Nasal Height 0.12 0.32'
Interorbital Breadth -0.15 0.29'
Upper Facial Height 0.03 0.28'
Minimum Frontal Breadth -0.02 -0.25'
Basion Bregma Height 0.10 0.14'
Biorbital Breadth' -0.09 0.12'
Pooled within groups correlations between discriminating 
variables and standardized canonical discriminant functions. 
Variables ordered by absolute size o f correlation within 
function.
'Largest absolute correlation between each variable and any 
discriminant function
Classification resultsb.c
Deformation
Type
Predicted Group Membership 
None Annular A-P
Total
Original* Count None 70 10 8 88
Annular 15 72 2 89
A-P 12 1 76 89
% None 79.55 11.36 9.09 100
Annular 16.85 80.90 2.25 100
A-P 13.48 1.12 85.39 100
Cross-validated**'" Count None 66 13 9 88
Annular 17 70 2 89
A-P 17 2 70 89
% None 75.00 14.77 10.23 100
Annular 19.10 78.65 2.25 100
A-P 19.10 2.25 78.65 100
"Cross validation is done only for those cases in the analysis. In cross validation, each case is classified 
by the functions derived fitxn all cases other than that case.
"77.4% o f  cross-validated grouped cases correctly classified.
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Figure 32: Discriminant Function Analysis
Significant Measurements
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Table 23; MPR discriminant function tables 
Eigenvalues
Function Eigenvalue % o f  Variance Cum. % Correl.
1 0.08 57.42 57.42 0.28
2 0.06 42.58 100 0.24
Structure matrix
Function
Orbital Breadth' 0.39' 0.02
Basion-Prosthion Length 0.35' 0.08
Nasal Breadth 0.28' -0.17
Foramen Magnum Breadth ■0.52 0.60'
Cranial Base Length 0.23 0.56'
Foramen Magnum Length 0.06 0.51'
Maxillo-Alveolar Breadth ■0.22 -0.31'
discriminating variables and standardized canonical 
discriminant functions. Variables ordered by absolute 
size o f correlation within function.
'Largest absolute correlation between each variable and 
any discriminant function
Classification results
Deformation
Type
Predicted Group Membership 
None Annular A-P
- Total
Originar Count None 27 18 22 67
Annular 18 32 20 70
A-P 21 21 25 67
% None 40.30 26.87 32.84 100
Annular 25.71 45.71 28.57 100
A-P 31.34 31.34 37.31 100
Cross-validated'*'" Count None 25 19 23 67
Annular 20 29 21 70
A-P 22 22 23 67
% None 37.31 28.36 34.33 100
Annular 28.57 41.43 30.00 100
A-P 32.84 32.84 34.33 100
*41.2% o f original grouped cases correctly classified.
""Cross validation is done only for those cases in the analysis. In cross validation, each case is classified
by the functions derived from all cases other than that case. 
"37.7% o f cross-validated grouped cases correctly classified.
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Figure 33: Discriminant Function Analysis
MPR Non-significant Measurements
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Table 24; CRS discriminant function tables 
Eigenvalues
Function Eigenvalue % o f  Variance Cum. % Correl.
1 0.30 74.77 74.77 0.48
2 0.10 25.23 100 0.31
Structure matrix
Function
Nasal Height 0.51* O il
Upper Facial Height 0.31* -0.08
Bizygomatic Breadth -0.31* -0.03
Orbital Breadth' 0.24* O il
Basion-Prosthion Length 0.19* 0.13
Minimum Frontal Breadth -021 0.86*
Maxillo-Alveolar Breadth -0.09 -0.17*
Pooled within groups correlations between 
discriminating variables and standardized canonical 
discriminant fimctions. Variables ordered by absolute 
size o f correlation within fimction.
^Largest absolute correlation between each variable 
and any discriminant fimction
Classification results
Deformation
Type
Predicted Group Membership 
None Annular A-P
Total
Original* Count None 32 12 20 64
Annular 15 43 14 72
A-P 16 12 36 64
% None 50.00 18.75 31.25 100
Annular 20.83 59.72 19.44 100
A-P 25.00 18.75 56.25 100
Cross-validated'’* Count None 30 13 21 64
Annular 16 39 17 72
A-P 17 12 35 64
% None 46.88 20.31 32.81 100
Annular 22.22 54.17 23.61 100
A-P 26.56 18.75 54.69 100
'55.5% o f original grouped cases correctly classified.
'’Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the fimctions derived fi^ om all cases other than that case.
‘52.0% o f cross-validated grouped cases correctly classified.
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Figure 34: Discriminant Function Analysis
CRS Non-significant Measurements
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Table 25: 3 measures discriminant analysis tables
Function Eigenvalue % o f  Variance Cum. % Correl.
1 0.03 91.95 91.95 0.18
2 0.00 8.05 100 0.05
Structure Matrix
Function
1 2
Basion-Prosthion Length 0.51* 0.47
Maxillo-Alveolar Breadth -0.49 0.83*
Orbital Breadth' 0.53 0.72*
discriminating variables and standardized canonical 
discriminant fimctions. Variables ordered by absolute 
size o f  correlation within fimction.
"Largest absolute correlation between each variable 
and any discriminant fimction
Classification results
Deformation
Type
Predicted Group Membership 
None Annular A-P
Total
Original* Count None 12 29 30 71
Annular 14 38 22 74
A-P 14 24 31 69
% None 16.90 40.85 42.25 100
Annular 18.92 51.35 29.73 100
A-P 20.29 34.78 44.93 100
Cross-validated'" Count None 12 29 30 71
Annular 15 36 23 74
A-P 17 24 28 69
% None 16.90 40.85 42.25 100
Annular 20.27 48.65 31.08 100
A-P 24.64 34.78 40.58 100
*37.9% o f  original grouped cases correctly classified.
Cross validation is done only for those cases in the analysis. In cross validation, each case isb.
classified by the fimctions derived from all cases other than that case. 
*35.5% o f cross-validated grouped cases correctly classified.
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Figure 35: Discriminant Function Analysis
3 Non-significant Measurements MPR, CRS
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APPENDIX VIII
RIGHTMIRE (1969) METHOD AND EXAMPLE 
PENROSE (1954) METHOD AND EXAMPLE
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Calculating Mahalanobis Generalized Distances 
Using the Rightmire (1969) Method as derived from  
Mahalanobis et al. (1949) and Rao (1948)
Step 1 - Groups:
The minimum number of groups that can be used to calculate Mahalanobis 
distances using this method is three. The maximum number o f groups is only 
limited by the research questk>n(s) being addressed.
Step 2 - Measurements:
Using this method a maximum of 8-12 variables should be selected. If more than 
12 measurements are used, calculations become tedious and time consuming.
Rules o f thumb for selecting measurements.
a) Avoid highly correlated measurement. Create a Pearson’s r correlation 
matrix to cull out measurements having high correlations. Excel 97: Data 
Analysis: Correlation can be used.
b) Measurements selected should also have means that vary among groups.
c) There should be no missing data. Missing values can be substituted, but 
should be done sparingly. Note: In the present research no attempt was 
made to replace missing values, resulting in reduced sample sizes.
Step 3 - Calculations:
Following the creation of a measurement subset:
a) Means and standard deviations for all groups and variables are 
calculated permitting later comparisons.
b) Grand Means are conqiuted for each variable. This is the mean 
across all observations in the total sample, not an uncorrected mean of
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means. This is the first step to standardizing the variables.
c) Grand Standard Deviations are computed for etu;h variable, similar to b). 
In this step the standard deviations across all observations in the sample 
are calculated. This is the second step in standardizing the variables.
d) Assumption: homogeneity o f correlation among the variables. In this step, 
a Grand Set o f Correlation Coefficients is created. This is a correlation 
matrix developed using the whole sample combining all groups into a 
single group. Note this was performed using the Excel 97: Data Analysis: 
Correlation.
e) Subtract Group Mean -  Grand Mean = (Deviation) for each group 
and variable.
1 ) The resulting deviations (mean differences) are next divided by the 
corresponding pooled Grand Standard Deviations for each group and 
variable to obtain normalized mean deviations, which are measured in 
terms of standard deviation units.
f) Next, the original correlated characters (standard deviation units) must be 
transformed into sets of independent variables. One variable (usually the 
first one) is arbitrarily chosen and designated Yi, the first transformed 
variable. To obtain the next variable (Y%) an amount proportional to its 
correlation with Y, need to be removed. Y3, the third variable is calculated 
by removing an amount proportional to its correlation with Y| and Yj.
The same procedure is followed until all variables have been transformed.
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Y-values for the seven variables used in this research are as foUows:
Yi = mi 
Y%= mz -aziYi 
Y3 = m3 -  U3zYz -  U3IYI 
Y4 = mi-a43Y3 -a4zYz -a4iYi 
Y; = m5~a54Y4 -a53Y3 -aszYz -asiYi 
Yé = ni6 -  agjY; — a64Y4- a63Y3 -  a z^Yz -  a6i Yi
Y7 = m? -  azôYô- arsYs -  a?4Y4 -  a?3Y3 -  a?zYz -  a?i Yi 
The general equation for this procedure is as follows:
Yp= nip-app.iYp.1 - . . .  apiYi
Where:
m = the normalized mean deviations (standard deviation unit) for a given group and 
variable.
p = the number of measurements used in analysis
The coefficient a,,., or ay = the quantity of correlation for a given variable to 
be removed and is calculated as follows:
ajj = bjj / variance (Yj)
Where:
I
bij = ry -  £  ^ bit 
0 > 1)
And:
j-> j - i  ,
variance (Yi) =  1 =1- I ( r j , ^)
t“ i t=i
( j > i )  0 > 1)
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Where:
i = the variable being examined (1", 2"^ , 3"*, 4* ...p) 
j = the variable with quantity being removed from i where (j < i -  1) 
r = the correlation coefficient between the variables under analysis 
The coefficients of ay for all Y's except Yi since (Y|= m,) are as follows:
an = rn .azi = rzi.asj = r j i ... a i^ = rpi
Where:
i = the variable being examined 
p = the number o f variables in the analysis
Y4
Ys ^  a32 = r32- £ (rzirzi) / 1 -  £ (rzi^) 
a42 ~ r42 -  £ (r2ir4i) /1  — £  (rzr) 
a»3 = r43 -  £ (r32r4z) + (r3ir4i) /1  -  £ (rzi) + ( r 32) 
as2 = rs2 -  £ (rzirsi) /1  -  £ (rzi^) 
as3 = rs3 -  £  (rzzrsz) + (rzirsi) /1  -  £ (1^ 31) + (r32*)
Ys <
Y6 <
as4 -  rs4 -  £ (r43rs3) + (r42rs2) + (r4ir5i) /1 -  £ (r4i“) + 
( r4 2 ^ )+ ( r4 3 ^ )
^  a« = r62 -  £ (rzirpi) /1 -  £ (rzf)
363 =  T63 - 1  (r32r62) +  (r3 ir6 i) / 1  -  £  (r3 i‘)  +  (r32^)
364 =  r64 -  £  (r43r63) +  (r42t62) +  ( r 4 i r 6 i)  / 1  -  £  ( r4 i^ )  +  
(r42^) +  (r43^)
365 -  r65 -  £  (rs4r64) + (rsstta) + (rs2r62) + (r5ir6i) / 1 -  
S (r5i^) + (rs2^ ) + (rs3 )^ + (r54^ )
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Y7 <
^ 372 = T72 -  £ (r2ir7i) / 1 -  £ (rzi^)
373 =  f73 -  £  (r32F72) +  (r3 ir7 l)  /  1 -  £  (F3|^) +  (f32^)
374 = F74 -  £ (F43F73) + (F42F72) + (r4|F7|) / I -  £  (f4l“) + 
(r42^ ) + W )
375 =  F75 -  2  (r54f74) +  (F53F73) +  (F52r72) +  ( r ; ,r 7 |)  /  1 -  £  
(F51^ ) + (f52^ ) + (^ 53^ ) + (F54“)
376 -  F76 -  S  (F65F75) +  (r64r74> +  (f63r73) +  (F62F72) +
(r6 |f7 l)  / 1 -  £ (F6U + (r62^ ) + (r63^ ) + (Fm*) + (f65')
Where:
And:
1) The independent Y’s calculated in step f) are now normalized 
to obtain final transfonned mean deviations:
yi = Yi
y2 = Y2 / V variance of Y2
yp = Yp / V variance of Yp
j- i  ,
variance of Yp = 1 -  £ (Fp )
1= I
( j > l )
r = the correlation coefficient between the variables under analysis 
j = the variable with quantity being removed
2) Next these y’s are subtracted from correqxmding y’s for the same 
variable in different pairs o f groups, obtaining the differences between 
groups.
3) To obtain “raw” values, the differences calculated in 2) are 
squared (yi^) and then summed (y,^ + y2^ + y3^  + y4^ ... yp^ ) creating a
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single value calculated from all measurement differences between a 
given pair o f groups = Generalized Distance or D .^
4) To test the significance of this value use the Chi-Squared distribution 
with p degrees of freedom (p = number of variables used in the 
analysis)
a) The formulae for the Chi-Squared test statistic is as follows:
(njOj / nj + Uj) D^ ij
Where:
Uj = sample size of the first (i) group 
Uj = sample size of the second (j) group
This quantity is compared with the Chi-Squared table values at a 
desired level of significance P < 0.05 or 0.01.
5) In some cases sample sizes will be very small < 10 individuals. In such 
cases a correction Actor for small sample sizes (generally < 30 
individuals) should be applied. To do this take the raw value from
3) and subtract the following quantity =
p(nj + nj /  mnj)
Where:
p = number o f variables used in analysis 
n, = sample size o f the first (i) group 
Uj = sanq)le size of the second (j) group
The resulting corrected value can then be tested for significance 
following the same procedure as defined in 4). Note: In the present
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research, this step was not taken for two reasons. First, when it was 
conducted, the resuhing values were negative values, and D" distances 
are always supposed to be positive numbers. Second, many other 
researchers studying Azapa Valley populations have not even discussed 
correcting values for the small sample sizes during their analyses.
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Mahalanobis D example
Cemetery Tom b# Culture G-Od Eu-Eu Ba-B
MO-I R-l Chinchorro 173.00 145.00 136.00
MO-I R-2 Chinchorro 170.00 141.00 135.00
MO-I T28C2I Chinchorro 162.00 135.00 135.00
AZ-140 T82 Maytas 182.00 146.00 134.00
AZ-I40 T9I Maytas 175.00 138.00 140.00
AZ-140 T97 Maytas 155.00 142.00 138.00
AZ-70 TL02 Cr5 Alto Ramirez 184.00 126.50 140.00
AZ-70 TL02 Cr6 Alto Ramirez 187.00 134.00 136.00
AZ-70 TL02 Cr7 Alto Ramirez 176.00 130.00 135.00
Descriptive statistics
O Op Eu-Eu B-Ba
MO-I Mean 168.33 140.33 135.33 Mean
Std. Dev. 5.69 5.03 0.58 Standard Deviation
# oflnd iv . 3 3 3
AZ-140 Mean 170.67 142.00 137.33 Mean
Std. Dev. 14.01 4.00 3.06 Standard Deviation
# o f  Indiv. 3 3 3
AZ-70 Mean 182.33 130.17 137.00 Mean
Std. Dev. 5.69 3.75 2.65 Standard Deviation
# o f Indiv 3 3 3
Grouped Mean 173.78 137.50 136.56 Grand Means
Std. Dev. 10.37 6.68 2.24 Grand Standard Deviations
# o f  Indiv. 9 9 9
■D
CD
C /)
C /)
g
C D
■ D
O
Q .
C
8
Q .
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C /)
C /)
Standardized measurements
G-Op Eu-Eu B-Ba
MO-I Mean Diff. -5.44 2.83 - 1.22 = Group Mean - Grand Mean = Mean Diff
Std. Dev. Unit -0.53 0.42 -0.55 = Mean D iff / Grand Standard Deviation
AZ-140 Mean Diff. -3.11 4.50 0.78 = Group Mean - Grand Mean = Mean Diff
Std. Dev. Unit -0.30 0.67 0.35 = Mean D iff /  Grand Standard Deviation
AZ-70 Mean D iff 8.56 -7.33 0.44 = Group Mean - Grand Mean = Mean Diff
Std. Dev. Unit 0.83 -I.IO 0 .2 0 = Mean D iff / Grand Standard Deviation
Correlation matrix across grouped data
G-Op Eu-Eu B -B a
1 G-Op 1 .00
2 Eu-Eu -0.32 1.00
3 B-Ba 0.03 -0.36 1.00
1 2 3
MO-1 AZ-140 AZ-70
O-Op -0.53 -0.30 0.83 Y, = Arbitrarily chosen l “ measurement = Std. Dev. Unit G-Op
Eu-Eu 0.25 0.58 -0.83 Y2 = Std. Dev. Unit o f Eu-Eu - (Y, •  Corr. 21)
B-Ba -0.43 0.59 -0.16 Y3 = Std. Dev. Unit o f B-Ba - (Y; * a32> - (Y, •  Corr. „ )
*32 " 3^2 -  E (•’2|f3l) /  1 -  £  (rzi^)
'’32’^ l ’2|l’3l) - -0.35 = Corr. 3 2 -1  (Corr.2, •  Corr.31) *32 “  -0.40 = Corr.32- (Corr.2i*Corr.3i) / 1 -(Corr.2,'C o rr.2,)
Var. Yj = 0.90 = l-E (C o rr .2i*Corr.2i) sqr.R t.var.Y 2 = 0.95 =Sqr. Rt. [1-(Corr.2,•Corr.2i)l
Var. Vs = 0.87 =1 -l(Corr.3i*Corr.3i)+(Corr.32*CoiT.32) Sqr.Rt.Var.Y3 = 0.93 =Sqr. Rt. [l-(Corr.3,*Corr.3,)+(Corr.32*Corr.32)l
MO-I AZ-140 AZ-70
G-Op -0.53 -0.30 0.83 yi = Y,
Eu-Eu 0.27 0.61 -0 .8 8 y2 = Y2 / Sqr. root o f Variance o f Y2
B-Ba -0.46 0.63 -0.17 y3 = Y3 / Sqr. root o f Variance of Y3 g
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c/) MOI vs AZI40 MOI vs AZ70 AZI40 vs. AZ70c/)
o G-Op -0.23 -1.35 -1.13 Differences between pairs
3 Eu-Eu -0.34 1.15 1.49 Differences between pairs
2, B - B # -1.09 -0.29 0.80 Differences between pairs
3 "
CD
8 MOI vs AZI40 MOI vs AZ70 AZI40 vs. AZ70
" O
S< G-Op 0.05 1.82 1.27 Squared Differences
( O ' Eu-Eu 0.12 1.32 2.21 Squared Differences
3 " B-B« 1.19 0.09 0.64 Squared Differences
i
3
(D Raw Dist. 1.35 3.23 4.12 Sum o f Squared Differences
■n
c Raw Mahalanobis distances
3 .
3 " MO-I AZ-140
(D AZ-140 1.35
(D
T 3
AZ-70 3.23 4.12
O
Q .
C Significance =  Chi-Square
ao (n,n%/n,+n2) D* 1.50 = 3*3/3+3 2.03 =  1.5*1.35
3 p = 3 = d f 4.84 = 1.50*3.24 6.17 = 1
O Chi-value at P < 0.05 level = 7.82
3 "
c f Chi-value at P < 0.01 level = 11.35
CD
Q .
■D
CD
C /)
C /)
MO-I (3) AZ-140 (3)
AZ-140 (3) 
AZ-70 (3)
1.35 (2.03) 
3.23 (4.84) 4.12(6.17)
Chi-value at P < 0.05 level = 7.82
Chi-value at P < 0.01 level -  11.35
g
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Calculating Penrose Size, Shape, and mD^ Distances 
(Following Penrose, 1954 and Rahman, 1967)
Inter-correlatioiis between variables are not taken into account when calculating 
Pearson’s (1926) coefficient o f racial likeness (C.R.L.) and due to this it is thought to be 
less useful then other distance methods, which do account for inter-correlations like 
Mahalanobis distances. However, pooled estimates of standards deviations and inter- 
correlations need to be calculated before elegant methods such as the Mahalanobis 
distances can be computed. Additionally distances are feasible only when the variance 
across all groups under consideration remain constant for each character or variable being 
examined and the correlation between characters holds constant (Penrose, 1954).
Responding to the strict requirements of Mahalanobis distances, Penrose attempted to 
make a distance estimator that was both uncomplicated and easy to calculate by 
adapting the C.R.L. The general equation for calculating the C.R.L. is:
C.R.L. = C^ H " (d i^ + d 2^ + d^j + . . .  d^m)/ m
Where:
d = d-value or the difference in standard deviation units (standardized values) 
calculated for m-variables between a pair of groups.
m = the total number o f measurements used in the analysis.
The C.R.L. is the sum of squared d-values from characters 1 to m divided by m. In 
analyzing the C.R.L. Penrose notes that it can be broken in to separate conqxments size 
and shape distance.
Size Distance -  The sum of the square o f the difference in size between two 
groups. Defined by the following formula:
C^ Q = [(di + da + d3 + . . .  dm) / m]^
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Where: 
d = d-values
m = total number of measurement in the analysis
Size distances generally do not allow for a series of objects to be classified unless the 
size differences between the groups are extreme. If extreme, however, such as is often 
present between males and females one may want to perform a logarithmic 
transformation of the data, yet this is almost never necessary in anthropological data 
(Penrose, 1954).
Shape Distance - I s  the subtraction of size distance from the C.R.L. and is 
defined by the following equation:
C^z “  -  C^ Q
Shape distance relate to the extent d-values 
differ among themselves and in essence is a measure of 
variance.
Shape distances are the components, which enable a series of objects to be classified.
In most cases, this reflects the Act that shape (variance) controls most of the varAtion
within and between groups.
The approximation of the Mahalanobis that Penrose developed is defined by
the following formuA:
Generalized Distance = mC^ H or mD^
Which is:
{(d i^ + d"2 + d^ + . . .  d^ m) / m}m
Or calculated more simply:
d‘ i + d*2 + d^ 3 + . . .  d“ni
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Therefore the Penrose mD^ is the C.R.L. multiplied by the number of measurements 
under examination or more simply C.R.L not divided by the number of variables.
Rahman (1%7) found that Penrose distances approximate the Chi-squared 
distribution using the same quantity presented by Rightmire (1969) above to 
obtain significance values. The Chi-squared formuA is as follows:
(niitj / tij + nj) ntiD^ ij
Where:
ni = sample size o f the 1^ ' group 
nj = sample size o f the 2"^  group
The resulting value is again conqxired with Chi-squared tables at appropriate levels of 
significance P < 0.05 or 0.01 with p (number of variables used) degrees of freedom to 
obtain a significance value.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Penrose m P ^  example
Cemetery Tom b# Culture G-Op Eu-Eu Ba-B
MO-I R-l Chinchorro 173.00 145.00 136.00
MO-I R-2 Chinchorro 170.00 141.00 135.00
MO-I T28C2I Chinchorro 162.00 135.00 135.00
AZ-140 T82 Maytas 182.00 146.00 134.00
AZ-140 T9I Maytas 175.00 138.00 140.00
AZ-140 T97 Maytas 155.00 142.00 138.00
AZ-70 TL02 Cr5 Alto Ramirez 184.00 126.50 140.00
AZ-70 TL02 Cr6 Alto Ramirez 187.00 134.00 136.00
AZ-70 TL02 Cr7 Alto Ramirez 176.00 130.00 135.00
Descriptive statistics
G-Od Eu-Eu Ba-B
MO-I Mean 168.33 140.33 135.33 Mean
Std. Dev. 5.69 5.03 0.58 Std. Dev.
AZ-140 Mean 170.67 142.00 137.33 Mean
Std. Dev. 14.01 4.00 3.06 Std. Dev.
AZ-70 Mean 182.33 130.17 137.00 Mean
Std. Dev. 5.69 3.75 2.65 Std. Dev.
Grouped Mean 173.78 137.50 136.56 G ra n d  M ean
Std. Dev. 10.37 6.68 2.24 G ra n d  S td  D ev.
Standardized measurements
G-Op Eu-Eu Ba-B
MO-I Mean DifT. -5.44 2.83 -1.22 =Grp. Mean - Gmd. Mean = Mean Diff.
Std. Dev. Unit -0.53 0.42 -0.55 =Mean Diff. / Gmd. Std. Deviation
n = 3 3 3
AZ-140 Mean Diff. -3.11 4.50 0.78 =Grp. Mean - Gmd. Mean = Mean Diff
Std. Dev. Unit -0.30 0.67 0.35 =Mean Diff. / Gmd. Std. Deviation
n = 3 3 3
AZ-70 Mean Diif. 8.56 -7.33 0.44 =Grp. Mean - Gmd. Mean = Mean Diff.
Std. Dev. Unit 0.83 -I.IO 0.20 =Mean Diff. / Gmd. Std. Deviation
n = 3 3 3 w
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DifT. Between Pairs MOI vs. AZI40 MOI vs AZ70 AZI40 VSAZ70
O-Op -0.23 -0.25 -0.89 =G-Op Std. Dev. Unit - G-Op Std. Dev. Unit btwn Grps.
Eu-Eu -1.35 1.52 -0.74 =Eu-Eu Std. Dev. Unit - EuEu Std. Dev. Unit btwn Grps.
Ba-B -1.13 1.77 0.15 =Ba-B Std. Dev. Unit - Ba-B Std. Dev. Unit btwn Grps.
Sum o f  D iff = -2.70 3.04 -1.49
Sum o f  D iff /n = -0.90 I.OI -0.50
(Sum o f  Diff. /n) Squared = 0.81 1.03 0.25 = Size Dist.
Sum o f  D iff Squared = 3.14 5.52 1.37 Same as mD^
Sum o f Diff Squared /n = 1.05 1.84 0.46 = CRL
Shape Dist. = CRL - Size Dist. = 0.24 0.81 0.21 = Shape Dist.
Penrose mD* = CRL •  n = 3.14 5.52 1.37 = CRL*3
Raw Penrose distances
MO-I AZ-140
AZ-140 3.14
AZ-70 5.52 1.37
Significance = Chi-Square
(n,n;/n,+n2) D* 1.50 = 3*3/3+3 4.71 = 1.50 *(0.91)
p = 3 = d f 8.27 = 1.50* (4.69) 2.06 = 1.50 (4.43)
Chi-value at P < 0.05 level = 7.82 
Chi-value al P < 0.01 level = 11.35
■D
CD
C /)
C /)
Penrose distances with significance values
MO-I (3) AZ-140 (3)
AZ-140 (3) 3.14(4.71)
AZ-70 (3) 5.52 (8.27) 1.37 (2.06)
Chi-value at P < 0.05 level = 7.82
Chi-value at P < 0.01 level = 11.35
lO
î i
APPENDIX IX
PENROSE AND MAHALANOBIS DISTANCE TABLES 
PEARSON’S DISTANCE CORRELATION TABLE
273
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Table 26: Penrose and Mahalanobis distances MPR comparison
Penrose m D  Grouped D istances M PR M ahalanobis D  Grouped D istances M PR
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 1.80 PLM 7 1.51
PLM 4 0.82 0.86 PLM 4 0.61 0.62
AZ-71 0.95 1.04 0.16 AZ-71 0.96 0.49 0.24
AZ-140 0.94 2.49 0.71 0.63 AZ-140 0.92 1.46 0.54 0.51
AZ-6 1.59 2.51 0.59 0.56 0.81 AZ-6 2.04 1.79 0.99 0.45 0.54
Penrose m D  ^M aie D istances M PR M ahalanobis D^ M aie D istances M PR
MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 6.01 PLM 7 5.29
PLM 4 3.26 1.83 PLM 4 4.84 1.51
AZ-71 4.60 2.57 0.78 AZ-71 6.01 3.74 0.94
AZ-140 3.53 5.41 1.05 2.26 AZ-140 5.16 3.89 1.00 0.98
AZ-6 5.08 3.35 0.58 0.71 1.35 AZ-6 7.33 2.73 0.75 1.70 1.55
Penrose mD^ Fem ale D istances M PR M ahalanobis D^ Fem ale D istances M PR
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 1.41 PLM 7 1.43
PLM 4 0.76 1.24 PLM 4 0.73 0.82
AZ-71 0.48 0.63 0.45 AZ-71 0.64 2.23 0.48
AZ-140 1.56 2.98 1.55 1.70 AZ-140 1.4 2.23 1.46 1.39
AZ-6 2.24 3.47 1.44 1.99 0.98 AZ-6 2.44 3.74 1.54 1.91 1.27
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Table 27: Penrose and Mahalanobis distances MPR comparison
Penrose mD* Group Distances MPR Mahalanobis D^ Grouped Distances MPR
MO-I, MO 1-6 PLM7 PLM4 AZ-71 AZ-140 MO-I. MO 1-6 PLM7 PLM4 AZ-71 AZ-140
(14) (30) (28) (27) (31) (14) (30) (28) (27) (31)
PLM7 K8o PLM7 1.51
(30)
PLM4
(17.25*)
0.82 0.86
(30)
PLM4
(14.43*)
0.61 0.62
(28)
AZ-71
(7.66)
0.95
(12.49)
1.04 0.16
(28)
AZ-71
(8.87)
0.96
(8.93)
0.49 0.24
(27)
AZ-140
(8.83)
0.94
(14.88*)
2.49
(2.29)
0.71 0.63
(27)
AZ-140
(8.92)
0.92
(6.92)
1.46
(3.15)
0.54 0.51
(31)
AZ-6
(9.04)
1.59
(37.45**)
2.51
(10.33)
0.59
(8.97)
0.56 0.81
(31)
AZ-6
(8.82)
2.04
(21.84**)
1.79
(7.86)
0.99
(7.20)
0.45 0.54
(17) (12.28) (27.34**) (6.25) (5.93) (8.86) (17) (15.68*) (19.42**) (10.44) (6.86) (7.28)
Penrose mD* Mate Distances MPR Mahalanobis D* Maie Distances MPR
MO-I, MO 1-6 PLM7 PLM4 AZ-71 AZ-140 MO-I. MO 1-6 PLM7 PLM4 AZ-71 AZ-140
(5) (12) (16) ( I I) (14) (5) (12) (16) (II) (14)
PLM7 6.01 PLM7 5.3)
(12)
PLM4
(21.21**)
3.26 1.83
(12)
PLM4
(18.68**)
4.84 1.51
(16)
AZ-71
(12.42)
4.60
(12.55)
2.57 0.78
(16)
AZ-71
(18.45**)
6.01
(10.38)
3.74 0.94
(II)
AZ-140
(15.81*)
3.53
(14.75*)
5.41
(5.08)
1.05 2.26
(II)
AZ-140
(20.66**)
5.16
(21.46**)
3.89
(6.15)
1.00 0.98
(14)
AZ-6
(13.00)
5.08
(34.96**)
3.35
(7.84)
0.58
(13.92)
0.71 1.35
(14)
AZ-6
(19.03**)
7.33
(25.12**)
2.73
(7.52)
0.75
(6.06)
1.70 1.55
(10) (16.93*) (18.27*) (3.57) (3.72) (7.89) (10) (24.43**) (14.90*) (4.61) (8.91) (9.02)
(/)(/) Significance value o f Chi-Square at p = 7df; P < 0.01 = 18.48
Continued on next page
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Table 27; Penrose and Mahalanobis distances MPR comparison cont.
Penrose mD^ Female Distances MPR M ahalanobis D Fem ale D istances M PR
O
3
O
MO-I, MO 1-6 
(9)
PLM 7
(18)
PLM 4
(12)
AZ-71
(16)
AZ-140
(17)
M O-I, MO 1-6 
(9)
PLM 7
(18)
PLM 4
(12)
AZ-71
(16)
AZ-140
(17)
3 PLM 7 1.41 PLM 7 r.43
CD
O (18) (8.46) (18) (8.54)
O PLM 4 0.76 1.24 PLM 4 0.73 0.82
3 . (12) (3.91) (8.92) (12) (2.90) (5.88)
C Û
3 " AZ-71 0.48 0.63 0.45 AZ-71 0.64 2.23 0.48
O (16) (2.76) (5.34) (3.09) (16) (3.68) (18.87**) (3.29)
I AZ-140 1.56 2.98 1.55 1.70 AZ-140 1.40 2.23 1.46 1.39
(D (17) (9.18) (26.05**) (10.90) (14.01) (17) (8.24) (19.48**) (10.28) (11.47)
AZ-6 2.24 3.47 1.44 1.99 0.98 AZ-6 2.44 3.74 1.54 1.91 1.27
■ n
c (7) (8.82) (17.49*) (6.37) (9.69) (4.86) (7 ) (9.60) (18.90**) (6.80) (9.29) (6.31)
* Significance value at (p) = 7df; P < 0.05 = 14.07 
•* Significance value o f (p) = 7df; P < 0.01 = 18.48
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Table 28: Penrose and Mahalanobis distances 3 measures comparison
Penrose m D ' G roup D istances 3 M easures Mahalanobis D  ^Group Distances 3 Measures
MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 0.869 PLM 7 0.810
PLM 4 0.339 0.787 PLM 4 0.550 0.540
AZ-71 0.556 1.028 0.047 AZ-71 0.460 1.310 0.490
AZ-140 0.58 2.071 0.337 0.307 AZ-140 0.710 2.470 1.300 0.270
AZ-6 1.405 2.226 0.461 0.301 0.393 AZ-6 1.450 2.800 1.670 0.390 0.330
Penrose mD ‘ M aie D istances 3 M easures M ahalanobis D  ^M aie D istances 3 M easures
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 1.41 PLM 7 2.690
PLM 4 0.28 1.27 PLM 4 0.270 1.270
AZ-71 1.69 2.56 0.68 AZ-71 0.530 1.060 0.090
AZ-140 1 01 4.17 0.93 1.73 AZ-140 0.310 4.810 1.140 1.490
AZ-6 1.17 2.38 0.35 0.25 0.92 AZ-6 0.490 1.000 0.060 0.010 1.480
Penrose mD^ Fem ale D istances 3 M easures M ahalanobis D^ Fem ale D istance 3 M easures
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 0.904 PLM 7 0.852
PLM 4 0.25 0.818 PLM 4 0.210 0.930
AZ-71 0.21 0.527 0.063 AZ-71 0.160 0.610 0.070
AZ-140 0.97 1.484 0.294 0.406 AZ-140 0.890 1.790 0.320 0.430
AZ-6 1.85 2.384 0.867 1.189 0.236 AZ-6 1.850 3.360 0.960 1.310 0.270
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Table 29: Penrose and Mahalanobis distances 3 measures comparison
M ahalanobis G roup D istances 3 M easures
M 6 - I .M Ô U PLM 7 PLM 4 AZ-71 AZ-I4(T M&-I, M ô  U PLM 7 PLM 4 AZ-71 AZ-145
(20) (31) (28) (28) (32) (20) (31) (28) (28) (32)
PLM 7 0.869 PLM 7 0.81
(31) (10.57*) (31) (9.88*)
PLM 4 0.339 0.787 PLM 4 0.55 0.54
(28) (3.96) (11.59**) (28) (6.37) (7.90*)
AZ-71 0.556 1.028 0.047 AZ-71 0.46 1.31 0.49
(28) (3.48) (15.13**) (.66) (28) (5.33) (19.26**) (6.80) -
AZ-140 0.577 2.071 0.337 0.307 AZ-140 0.71 2.47 1.30 0.27
(32) (7.11) (32.60**) (5.04) (4.58) (32) (8.70*) (38.90**) (19.46**) (3.97)
AZ-6 1.405 2.226 0.461 0.301 0.393 AZ-6 1.45 2.80 1.67 0.390 0.325
(17) (12.91**) (24.44**) (4.87) (3.19) (4.37) (17) (13.29**) (30.80**) (17.68**) (4.08) (3.62)
Penrose mD* 1Maie D istances 3 M easures M alanobis D  ^M aie D istances 3 M easures
MO-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
(9) (12) (16) (12) (15) (9) (12) (16) (12) (15)
PLM 7 1.41 PLM 7 2.69
(12) (7.26) (12) (13.86**)
PLM 4 0.28 1.27 PLM 4 0.27 1.27
(16) (1.60) (8.68*) (16) (1.57) (8.72*)
AZ-71 1.69 2.56 0.68 AZ-71 0.53 1.06 0.09
(12) (8.72*) (15.37**) (4.66) (12) (2.71) (6.38) (.63)
AZ-140 I.OI 4.17 0.93 1.73 AZ-140 0.31 4.81 1.14 1.49
(15) (5.70) (27.78**) (7.19) (11.56**) (15) (1.75) (32.04**) (8.83*) (9.98*)
AZ-6 1.17 2.38 0.35 0.25 0.92 AZ-6 0.49 1.00 0.06 0.01 1.480
(10) (5.55) (12.99**) <2.16) (1.38) (5.50) (10) (2.32) (5.5) (.35) (.04) (8.90*)
'Significant value of (p) at 3df; P < 0.05 = 7.82 
"S ignifican t value of (p) al 3df; P < 0.01 = 11.35
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Table 29: Penrose and Mahalanobis distances 3 measures comparison cont.
Penrose mD^ Fem ale D istances 3 M easures M ahalanobis D  Fem ale D istances 3 M easures
M O-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 MO-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
( I I ) (19) (12) (16) (17) (11) (19) (12) (16) (7)
PLM 7 0.904 PLM 7 0..85
(19)
PLM 4
(6.29)
0.25 0.818
(19)
PLM 4
(5.94)
0.21 0.93
(12)
AZ-71
(144)
0.21
(6.02)
0.527 0.063
(12)
AZ-71
(1.18)
0.16
(6.82)
0.61 0.07
(16)
AZ-140
(1.37)
0.974
(4.57)
1.484
(.44)
0.294 0.406
(16)
AZ-140
(1.05)
0.89
(5.29)
1.79
(.49)
0.32 0.430
(17)
AZ-6
(6.50)
1.85
(13.12"")
2.384
(2.07)
0.867
(3.35)
1.189 0.236
(17)
AZ-6
(5.95)
1.85
(16.10")
3.36
(2.23)
0.96
(3.58)
1.31 0.27
(7) (7.92") (14.50"") (3.84) (5.57) (1.17) <7) _ (7.90") (17.20"") (4.27) (6.38) (1.32)
"Significant value o f (p) at 3df; P < 0.05 = 7.82 
""Significant value o f (p) at 3df; P < 0.01 = 11.35
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Table 30: Penrose and Mahalanobis distances CRS comparison
Penrose m D  G rouped D istances C R S M ahalanobis D  G rouped D istances CRS
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 2.05 PLM 7 4.19
PLM 4 1.35 0.99 PLM 4 3.75 2.24
AZ-71 1.88 1.46 0.13 AZ-71 7.36 4.78 0.79
AZ-140 3.36 2.37 0.55 0.39 AZO-140 11.74 9.45 2.98 0.83
AZ-6 5.90 4.73 2.24 1.81 2.93 AZ-6 7.21 5.41 1.64 1.69 3.40
Penrose mD* M ale D istances C R S M ahalanobis D^ M ale D istances C R S
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 2.75 PLM 7 3.95
PLM 4 1.42 1.29 PLM 4 2.95 2.79
AZ-71 3.53 3.08 1.7 AZ-71 4.38 4.50 1.04
AZ-140 5.93 4.38 1.21 2.77 AZ-140 5.25 5.23 1.83 2.21
AZ-6 6.82 4.56 3.9 1.26 4.17 AZ-6 15.12 8.94 12.80 11.79 8.16
Penrose mD^ Fem ale D istances C R S M ahalanobis D^ Fem ale Distances CRS
M O-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 MO-I. MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
PLM 7 2.31 PLM 7 2.21
PLM 4 2.28 1.59 PLM 4 2.46 0.85
AZ-71 1.42 1.15 0.45 AZ-71 2.68 1.47 0.52
AZ-140 3.37 2.17 1.00 0.64 AZ-140 4.08 2.20 1.43 0.80
AZ-6 6.03 5.76 1.85 3.02 2.28 AZ-6 4.83 4.27 1.53 2.19 2.44
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Table 3 1 : Penrose and Mahalanobis distances CRS comparison
Penrose m D  G rouped D istances C R S
MO-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
(16) (25) (27) (26) (32) (16) (25) (27) (26) (32)
PLM 7 PLM 7 4.19
(25) (20.04**) (25) (40.87**)
PLM 4 1.35 0.99 PLM 4 3.75 2.24
(27) (13.59) (12.90) (27) (37.68**) (29.06**)
AZ-71 1.88 1.46 0.13 AZ-71 7.36 4.78 0.79
(26) (18.64**) (18.67**) (1.68) (26) (72.88**) (60.92**) (10.42)
AZ-140 3.36 2.37 0.55 0.39 AZ-140 11.74 9.45 2.98 0.83
(32) (35.86**) (33.20**) (8.08) (5.54) (32) (125.25**) (132.64**) (43.71**) (11.89)
AZ-6 5.90 4.73 2.24 1.81 2.93 AZ-6 7.21 5.41 1.64 1.69 3.40
(16) (47.27**) (46.15**) (22.46**) (17.96*) (31.22**) (16) (57.67**1 (52.78**1 (16.44*) (16.75*) (36.31**)
* Significance value o f Chi-Square at p = 6 d f ,P < 0 .0 5 =  12.59
** Significance value o f  Chi-Square at p = 6df; P < 0.01 = 16.81
Penrose mD^ M aie D istances CRS M ahalanobis D^ M aie D istances CRS
MO-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
(7) ( I I ) fl6l fin (15) (7) (11) (16) (11) (15)
PLM 7 PLM 7 3.95
(11) (11.75) (11) (16.88*)
PLM 4 1.42 1.29 PLM 4 2.95 2.79
(16) (6.94) (8.38) (16) (14.34*) (18.17*)
AZ-71 3.53 3.08 1.70 AZ-71 4.38 4.50 1.04
(11) (15.08*) (16.94**) (11.10) (11) (18.73**) (25.73**) (6.80)
AZ-140 5.93 4.38 1.21 2.77 AZ-140 5.25 5.23 1.83 2.21
(15) (28.29**) (27.79**) (9.35) (17.58*) (15) (25.04**) (33.11**) (14.16*) (14.02)
AZ-6 6.82 4.56 3.90 1.26 4.17 AZ-6 15.12 8.94 12.80 11.79 8.16
J 2 i _ _ (26.86**) (22.58**) (22.47**) (6.24) (23.48**) (9) . (59.53**1 (44.28**1 (73.70**1 (58.35**) (45.87**)
•  Significance value at (p) = 7df; P < 0.05 = 14.07 
• •  Significance value o f  (p) = 7df; P < 0.01 = 18.48 Continued on next page tu00
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Table 31 : Penrose and Mahalanobis distances CRS comparison cont.
Penrose m D  Fem ale D istances C R S M ahalanobis D  Fem ale D istances C R S
3 M O-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140 M O-I, MO 1-6 PLM 7 PLM 4 AZ-71 AZ-140
(9) (13) ( I I ) (15) (17) (9) (13) ( I I ) (15) (17)
CD PLM 7 2.31 PLM 7 2.21
8 (13) (12.31) (13) (11.76)
PLM 4 2.28 1.59 PLM 4 2.46 0.85
ë (11) (11.30) (9.52) (11) (12.18) (5.04)
3 " AZ-71 1.42 1.15 0.45 AZ-71 2.68 1.47 0.52
i (15) (8.02) (8.02) (2.92) (15) (15.08*) (10.24) (3.27)
AZ-140 3.37 2.17 1.00 0.64 AZ-140 4.08 2.20 1.43 0.80
8 (15) (19.88**) (16.06*) (6.70) (5.15) (15) (23.98**) (16.20*) (9.58) (6.35)
■n AZ-6 6.03 5.76 1.85 3.02 2.28 AZ-6 4.83 4.27 1.53 2.19 2.44
c
3. ,, 1?} (27.14**) (30.65**) (9.19) (17.03**) (13.42) (9) (21.72**) (22.72**) (7.56) (12.30) (14.35*)
* Significance value at (p) = 7df; P < 0.05 = 14.07 
*• Significance value o f  (p) = 7df; P < 0.01 = 18.48
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Comparisons Pearson's r Average r
M ahalanobis vs. Penrose
MPR
Grouped Distances 
Male Distances 
Female Distances
0.84*
0.85*
0.83*
0.84*
M ahalanobis vs. Penrose
CRS
Grouped Distances 
Male Distances 
Female Distances
0.57
0.56
0.91*
0.68*
M ahalanobis vs. Penrose
3 Measures Grouped Distances 
Male Distances 
Female Distances
0.87*
0.79*
0.98*
0.88*
Penrose
Grouped Distances 0.61
Male Distances 0.50 0.59
MPR vs Female Distances 0.67*
CRS M ahalanobis
Grouped Distances 0.54
Male Distances 0.19 0.43
Female Distances 0.55
Penrose
Grouped Distances 0.94*
Male Distances 0.54 0.79
3 Measures Female Distances 0.89*
vs. MPR M ahalanobis
Grouped Distances 0.67*
Male Distances 0.92* 0.83*
Female Distances 0.89*
Penrose
Grouped Distances 0.64*
Male Distances 0.31 0.60
3 Measures Female Distances 0.86*
vs. CRS M ahalanobis
Grouped Distances 0.36
Male Distances -0.23 0.25
Female Distances 0.63*
*Critical value of r with (p-l ) 13 df; P < 0.01 = .62 
Arbitrary cutting point selected for acceptable correlations = .80 
r> value > .80 acceptable correlation 
r-value < 80 = unacceptable correlation
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Figure 36: mD  ^grouped cluster dendrograms 
MPR mD  ^Grouped
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Figure 37; mD  ^male cluster dendrograms 
MPR mD  ^Male
D e n d r o g r a m  u s i n g  A v e r a g e  L i n k a g e  ( B e t w e e n  G r o u p s )
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Figure 38; mD  ^female cluster dendrograms
MPR mD  ^Female
Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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Figure; 39; grouped cluster dendrograms
MPR Grouped Distances
Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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Figure 40; male cluster dendrograms
MPR Male
Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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Figure 41: female cluster dendrograms
MPR Female
Dendrogram using Average Linkage (Between Groups)
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Intra-observer Error Data
Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
MO 1-6 T32 7/17/00 Chinchorro Coastal Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
MO 1-6 T53 7/17/00 Chinchorro Coastal Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
CAM 9 TI9CI 7/17/00 Inca Coastal Female? (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
CAM 8 TA4 7/17/00 TGeniltar Coastal Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
CAM 15 TUI 7/17/00 Faldas del Morro Coastal Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 TAI 7/17/00 Cabuza Valley Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T282 7/17/00 Cabuza Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 TA3 7/17/00 Cabuza Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T68 7/17/00 Maytas Valley Male? (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 TI20 7/17/00 Maytas Valley Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 TI07 7/17/00 Maytas Valley Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T II6 7/17/00 Maytas Valley Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 TI08A 7/17/00 Maytas Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T63 7/17/00 Maytas Valley Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T58 7/17/00 Maytas Valley Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 TXPB 7/18/00 Maytas Valley Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T28 7/18/00 Maytas Valley Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T4 7/18/00 San Miguel Valley Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-75 T57 7/18/00 San Lorenzo Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 TI16 7/18/00 Cabuza Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 T15 7/18/00 Cabuza Valley Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 TI26 7/18/00 Cabuza Valley Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 TI77 7/18/00 Maytas Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 T2 7/18/00 Cabuza Valley Female? (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T26 7/18/00 Cabuza Valley Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 T6 7/18/00 Cabuza Valley Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-8 T9 7/18/00 Qenlilar Valley Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-8 T27 7/18/00 Genlilar V a ll^ Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-8 TI3 7/19/00 Gentilar Valley Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-8 T6A 7/19/00 San Miguel Valley Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-14 T59 7/19/00 Alto Ramirez Valley Male (Skull & Catalog) 18-30 (Dental. Sutures, Catalog)
AZ-14 TDesc.2 7/19/00 Alto Ramirez Valley Male? (Skull & Catalog) 30-40 (Dental, Sutures, Catalog) *
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Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au N-B B-L L-O
MO 1-6 T32 None 172.0 141.0 139.2 97.0 97.0 123.1 111.9 102.6 98.1
MO 1-6 T53 A-P (Occipital) Mild 162.0 138.0 128.0 93.0 94.0 117.7 99.4 97.5 95.0
CAM 9 TI9CI A-P (Occipital) Mild 171.0 147.0 141.0 105.0 105.5 130.8 111.3 103.9 99.9
CAM S TA4 Annular Mild to Intermediate 182.0 135.0 133.5 105.0 101.0 120.7 116.6 107.5 97.4
CAM 15 TUI Annular Mild 170.0 135.0 143.0 96.0 99.5 124.0 114.1 106.6 104.8
AZ-71 TAI A-P (Occipital) Mild 166.0 130.0 135.0 97.5 104.0 117.8 104.6 108.9 91.6
AZ-71 T282 Annular Mild 170.0 133.0 139.0 99.0 95.0 127.4 111.3 104.7 99.2
AZ-71 TA3 None 173.0 138.0 136.0 105.0 109.0 122.1 106.6 101.3 102.9
AZ-140 T68 Annular Intermediate 172.0 139.0 134.0 91.0 88.0 125.1 117.4 101.4 102.6
AZ-140 T120 Annular Intermediate to Severe 169.0 135.0 117.0 89.0 95.0 123.3 101.9 102.1 85.0
AZ-140 TI07 Annular Intermediate to Severe 177.0 133.5 135.0 92.0 93.0 116.5 105.3 102.6 87.6
AZ-140 TI16 None 175.0 135.0 129.0 99.0 91.0 120.6 103.8 104.4 103.4
AZ-140 T108A A-P (Occipital) Mild 170.0 135.0 134.5 99.0 97.0 123.1 103.5 106.6 97.6
AZ-140 T63 A-P (Occipital) Mild 160.0 138.0 121.0 90.0 91.0 117.5 97.6 99.0 99.5
AZ-140 T58 Annular Intermediate 161.0 134.0 139.0 91.0 98.0 117.1 112.8 102.5 98.1
AZ-140 TXPB A-P (Occipital) Mild 162.0 138.0 126.0 91.0 92.0 117.5 104.9 100.7 97.1
AZ-140 T28 None 160.0 143.0 129.0 98.0 96.0 126.4 101.3 94.4 99.0
AZ-140 T4 Annular Intermediate to Severe 175.0 127.0 130.0 93.0 99.0 115.1 112.0 110.7 98.8
AZ-75 T57 Annular Mild 168.0 135.0 136.0 100.0 105.0 125.7 102.8 106.0 97.4
AZ-6 T II6 A-P (Frontal & Occipital) Mild 165.0 144.5 133.0 100.0 102.0 126.1 105.5 100.7 95.3
AZ-6 TI5 Annular Mild 175.0 138.0 136.5 96.0 95.5 123.9 115.3 103.4 97.9
AZ-6 TI26 A-P (Frontal & Occipital) Intermediate 177.0 149.0 129.0 95.0 94.0 126.9 107.9 101.2 101.8
AZ-6 TI77 Annular Intermediate 179.0 140.0 148.0 101.0 106.0 123.8 127.8 96.1 115.5
AZ-6 T2 None 171.0 139.0 137.5 99.0 99.0 123.8 IIO.I 92.5 110.9
AZ-6 T26 A-P (Frontal & Occipital) Intermediate 160.0 140.0 131.0 99.0 96.0 125.3 106.3 94.6 91.4
AZ-6 T6 A-P (Occipital) Mild 166.0 142.0 130.0 94.0 97.0 124.6 116.4 85.4 103.6
AZ-8 T9 Annular Mild to Intermediate 171.0 136.0 129.0 94.0 100.0 118.9 103.4 103.5 95.8
AZ-8 T27 None 180.0 134.0 129.0 102.0 103.0 119.8 101.6 109.4 99.2
AZ-8 TI3 None 172.0 137.0 144.0 100.0 93.0 127.9 111.5 112.2 98.7
AZ-8 T6A None 170.0 129.0 123.0 95.0 99.0 115.3 100.9 102.8 87.8
AZ-14 T59 A-P (Frontal & Occipital) Severe 169.0 137.5 140.0 108.0 101.0 127.7 112.0 88.5 102.8
AZ-14 TDesc.2 A-P (Frontal & Occipital) intermediate 166.0 139.5 133.0 101.0 106.0 116.6 111.5 91.9 103.1 is
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
AZ-14 T84A 7/19/00 Alto Ramirez Valley Maie? (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T84B 7/19/00 Alto Ramirez Valley Male? (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 T2I 7/19/00 Alto Ramirez Valley Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-14 T56 7/19/00 Alto Ramirez Valley Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TL04 T6B 7/19/00 San Miguel Valley Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 TL02 Cr9 7/19/00 Alto Ramirez Valley Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TLOI Cr4 7/19/00 Alto Ramirez Valley Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 7 T5A 7/20/00 El Laucho Coastal Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 7 T7A 7/20/00 El Laucho Coastal Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 7 T328 7/20/00 El Laucho Coastal Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T25 7/20/00 El Laucho Coastal Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 7 T152 7/20/00 El Laucho Coastal Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T8B 7/20/00 El Laucho Coastal Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T I56 7/20/00 D Regional Coastal Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TI36 7/20/00 D Regional Coastal Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 4 TI96 7/20/00 Gentilar Coastal Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
MO-I T28C3 7/20/00 Chinchorro Coastal Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
MO-I TIOA 7/20/00 Chinchorro Coastal Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
MO 1-6 T4I 7/20/00 Chinchorro Coastal Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
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Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au N-B B-L L-O
AZ-14 T84A Annular Severe 170.0 134.5 150.0 104.0 102.5 127.8 118.7 91.4 100.9
AZ-14 T84B A-P (Frontal & Occipital) Severe 171.0 143.0 143.0 97.0 95.0 123.9 119.4 94.1 106.3
AZ-14 T2! Annular Mild 181.0 140.0 136.5 101.5 105.0 125.2 112.9 109.2 99.6
AZ-14 T56 Annular Severe 164.0 137.5 133.0 95.0 101.0 120.0 113.6 92.4 100.2
AZ-70 TL04 T6B None 172.0 142.0 128.0 100.0 100.0 125.7 109.9 96.0 90.3
AZ-70 TL02 Cr9 None 159.5 131.0 131.0 89.0 94.0 111.6 108.2 97.5 100.6
AZ-70 TLOI Cr4 Annular Intermediate to Severe 184.0 128.0 134.5 92.0 94.0 109.0 118.9 112.5 105.2
PLM 7 T5A A-P (Occipital) Mild to Intermediate 159.0 134.0 142.0 91.0 91.0 123.0 118.5 101.3 100.7
PLM 7 T7A Annular Mild to Intemediate 168.0 124.0 130.0 90.0 96.0 117.0 116.6 100.4 89.7
PLM 7 T328 Annular Intermediate 175.0 131.0 138.0 97.0 100.0 119.7 116.1 97.8 117.1
PLM 7 T25 Annular Intermediate to Severe 179.0 138.0 141.0 96.0 96.0 119.6 126.1 95.6 118.8
PLM 7 TI52 Annular Mild 184.0 131.0 142.5 104.0 102.0 121.5 109.1 110.4 112.5
PLM 7 T8B Annular Intermediate to Severe 188.5 133.5 138.0 96.0 91.0 120.0 119.1 109.2 102.1
PLM 4 TI56 Annular Mild 181.0 135.0 135.0 96.0 99.0 120.8 119.0 109.1 114.0
PLM 4 TI36 Annular Mild 179.0 125.0 135.0 96.0 99.0 110.2 115.1 112.5 95.7
PLM 4 TI96 Annular Mild to Intermediate 192.0 137.0 140.0 102.0 101.0 125.4 120.3 110.2 111.6
MO-I T28C3 None 185.0 133.0 141.5 103.0 127.6 111.2 118.2 100.9
MO-I TIOA None 176.0 141.0 139.0 99.0 102.0 117.0 110.3 106.8
MO 1-6 T4I None 185.0 145.0 137.0 104.0 132.4 114.1 99.0 102.8
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
MO-I TIOA 05/18/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T9 05/18/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T5A 05/18/00 Chinchorro Coast Female (Skull & Catalog) 18-30 (Dental Sutures, Catalog)
MO-I R-1 05/18/00 Chinchorro Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I R-2 05/19/00 Chinchorro Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
MO-I T15 05/19/00 Chinchorro Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
MO-I T22C5 05/19/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T0.35 05/19/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T28C3 05/19/00 Chinchorro Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
MO-I T28C21 05/19/00 Chinchorro Coast Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
MO-I T28C29 05/19/00 Chinchorro Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T28C30 05/19/00 Chinchorro Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
MO-I T23C5 05/19/00 Chinchorro Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
MO-I T23C1 05/19/00 Chinchorro Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T23C4 05/22/00 Chinchorro Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T26 05/22/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T27C1 05/22/00 Chinchorro Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
MO-I T27C9 05/22/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO-I T27C4 05/22/00 Chinchorro Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
MO-I TCH4 05/22/00 Chinchorro Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO 1-6 T13 05/23/00 Chinchorro Coast Female (Skull & Catalog) 18-30 (Dental Sutures, Catalog)
MO 1-6 T27 05/23/00 Chinchorro Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO 1-6 T41 05/23/00 Chinchorro Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
MO 1-6 T44 05/23/00 Chinchorro Coast Female (Skull & Catalog) 40-60 (Denial, Sutures, Catalog)
MO 1-6 T7 05/23/00 Chinchorro Coast Male (Skull & Catalog) 40-60 (Denial, Sutures, Catalog)
MO 1-6 T53 05/23/00 Chinchorro Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
MO 1-6 T6C1 05/23/00 Chinchorro Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
MO 1-6 T32 05/23/00 Chinchorro Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
MO 1-6 TU6 05/23/00 Chinchorro Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
MO 1-6 TSec. DT63 05/23/00 Chinchorro Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
CAM 9 T1 05/24/00 Inca Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
CAM 9 T2 05/24/00 Inca Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
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Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
MO-I TIOA None 176.0 141.0 139.0 97.0 100.0 117.0
MO-I T9 None 174.0 133.0 132.0 97.0 95.0 115.0
M O I T5A Annular Intermediate 174.0 129.0 138.0 99.0 97.0 124.0
M O I R-l None 173.0 145.0 136.0 100.0 100.0 138.9
M O I R-2 None 170.0 141.0 135.0 96.0 90.3 130.3
M O I T15 Annular Severe 120.0 131.0 95.0 87.0 119.0
M O I T22C5 Annular Intermediate to Severe 166.0 126.0 131.0 94.0 97.0 114.4
M O I T0.35 Annular Intermediate 179.0 135.0 142.0 99.0 100.0 124.6
M O I T28C3 None 184.0 142.0 104.0 127.7
M O I T28C2I None 162.0 135.0 135.0 100.0 95.0 121.0
M O I T28C29 Annular Mild 177.0 131.0 138.0 97.0 102.0 121.2
M O I T28C30 Annular Mild 169.0 130.0 139.0 91.0 89.0 114.4
M O I T23C5 Annular Intermediate 175.0 130.0 139.0 96.0 94.0 119.0
M O I T23CI A-P (Occipital) Mild 170.0 139.0 130.0 89.0 92.0 114.0
M O I T23C4 A-P (Occipital) Intermediate 162.0 128.0 135.0 98.0 95.0 121.8
M O I T26 Annular Severe 181.0 125.0 134.0 95.0 98.0 119.4
M O I T27CI None 175.0 130.0 139.0 98.0 95.0 123.3
M O ! T27C9 Annular Mild 175.0 119.0 140.0 101.0 100.0 118.3
M O I T27C4 None 179.0 140.0 147.0 105.0 97.0 134.6
M O I TCH4 None 170.0 140.0 133.0 94.0 90.7 124.6
MO 1-6 TI3 None 170.0 126.0 136.0 95.0 92.0 109.7
MO 1-6 T27 None 180.0 144.0 137.0 100.0 99.0 123.0
MO 1-6 T4I None 186.0 142.0 137.0 102.0 133.6
MO 1-6 T44 A-P (Occipital) Mild 160.0 148.0 133.0 90.0 90.0 125.9
MO 1-6 T7 None 170.0 130.0 141.0 96.0 95.0 119.7
MO 1-6 T53 A-P (Occipital) Mild 162.0 137.0 128.0 92.0 93.0 117.2
MO 1-6 T6CI None 176.0 138.0 102.0 104.0 122.2
MO 1-6 T32 None 172.0 140.0 139.0 96.0 97.0 123.0
MO 1-6 TU6 None 176.0 127.0 146.0 102.0 97.0 124.6
MO 1-6 TSec. D T63 None 185.0 140.0 150.0 105.0 104.0 129.6
CAM 9 Tl A-P (Occipital) Mild 178.0 147.0 138.0 102.0 102.0 130.8
CAM 9 T2 A-P (Occipital) Mild 165.0 142.0 138.0 96.0 99.0 123.0
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CD
■D
O
Q .
C
g
Q .
$  
1—H
3 "
"m Cemetery Tomb# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
3 CAM 9 T8 05/24/00 Inca Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
w CAM 9 T12 05/24/00 Inca Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
o
3 CAM 9 T13 05/24/00 Inca Coast Male (Skull &  Catalog) >60 (Dental, Sutures, Catalog)
O CAM 9 T16 05/24/00 Inca Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
5 CAM 9 T I8 05/24/00 Inca Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
O CAM 9 T19C1 05/24/00 Inca Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
o
■D CAM 9 T19C2 05/24/00 Inca Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
CQ-
CAM 9 T29 05/24/00 Inca Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
3 " CAM 9 T35 05/25/00 Inca Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
i CAM 9 T55 05/25/00 Inca Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)<
3 CAM S TA4 05/26/00 ?(Cat.) Gentilar (Crania) Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
P CAM S TD-Sup E7 05/26/00 ? Coast Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
"n CAM S TC-Al 05/26/00 Gentilar Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
3 - CAM S T3 05/26/00 Gentilar Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
3 "
CD CAM S TIO 05/26/00 Gentilar Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
3 CAM S T24CI 05/26/00 Gentilar Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
■D CAM S T8 05/26/00 Gentilar Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
o
Q . CAM S =  A/1 Taltape 05/26/00 ? Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
C
Q . CAM S TUWl 05/26/00 Gentilar Coast Male (Skull &  Catalog) >60 (Dental, Sutures, Catalog)
o ' CAM 15 TUI 05/26/00 Faldas del Morro Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
■D CAM 15 T8 05/26/00 Faldas del Morro Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
O CAM 15 T17 05/26/00 Faldas del Morro Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
CAM 15D TC109 05/26/00 ? Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
1—H CAM 15D TU3C2 05/26/00 Chinchorro Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
Q .
$ PLM 7 T144 05/29/00 El Laucho Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
1—H
3 " PLM 7 T146 05/29/00 ElLaucho Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
O PLM 7 T139 05/29/00 ? Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
■D PLM 7 T2A, AP 05/29/00 ElLaucho Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
CD
q PLM 7 TIA 05/29/00 El Laucho Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)3
c/)' PLM 7 TIB 05/29/00 El Laucho Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T2B 05/29/00 El Laucho Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
3 PLM 7 T313 05/29/00 El Laucho Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T298 05/29/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog) g
■ D
O
Q.C
g
Q.
l—H
3 "
■ D
CD
q Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au3
(/) CAM 9 T8 None 170.0 147.0 138.0 100.0 91.0 134.1
CAM 9 TI2 None 164.0 140.0 137.0 99.0 104.0 126.9
§ CAM 9 T13 None 173.0 150.0 138.0 98.0 129.1
CAM 9 T I6 A-P (Occipital) Mild 168.0 137.0 127.0 92.0 125.0
CD CAM 9 TI8 A-P (Occipital) Intermediate 155.0 146.0 136.0 100.0 100.0 127.1
8 CAM 9 T19CI A-P (Occipital) Mild 171.0 147.0 141.0 105.0 106.0 130.6
■ D CAM 9 TI9C2 None 161.0 141.0 134.0 97.0 95.0 121.8
I - CAM 9 T29 None 170.0 136.0 127.0 87.0 90.0 116.8
CAM 9 T35 None 175.0 135.0 140.0 103.0 104.0 126.5
i CAM 9 T55 None 139.0 123.0 92.0 120.1
3 CAM S TA4 Annular Mild to Intermediate 181.0 135.0 134.0 104.0 . 99.0 120.7
P CAM S TD-Sup E7 None 171.0 137.0 93.0 95.0 124.2
"n CAM S TC-Al A-P (Occipital) Mild 171.0 140.0 140.0 104.0 100.0 125.8
p. CAM S T3 None 170.0 141.0 129.0 93.0 95.0 120.6
CD CAM S TIO A-P (Frontal &  Occipital) Mild to Intermediate 175.0 137.0 144.0 99.0 99.0 122.7
3 CAM S T24C1 None 174.0 136.0 135.0 92.0 90.0 115.4
■ D3 CAM S T8 None 174.0 141.0 137.0 95.0 131.6
Q. CAM S 2  A/I Taltape A-P (Frontal & Occipital) Severe 157.0 154.0 134.0 90.0 94.0 130.6
a CAM S TUWl None 166.0 144.0 142.0 97.0 94.0 124.9
o3 CAM IS TUI Annular Mild 170.0 130.0 142.0 96.0 99.0 124.1
■D CAM 15 T8 None 178.0 136.0 136.0 100.0 100.0 126.1
O3" CAM 15 T I7 Annular Intermediate 182.0 136.0 142.0 100.0 106.0 126.2
Ë! CAM I5D TCI09 Annular Severe 188.0 127.0 133.0 93.0 98.0 119.0
CAM I5D TU3C2 Annular intermediate 179.0 125.0 129.0 100.0 95.0 115.7
PLM 7 TI44 Annular Mild 164.0 135.0 134.0 98.0 100.0 119.7
l—H3" PLM 7 TI46 Annular Mild 179.0 131.0 133.0 95.0 96.0 119.7
Oc PLM 7 TI39 None 165.0 130.0 131.0 91.0 90.0 111.6
■a PLM 7 T2A, AP A-P (Occipital) Mild 162.0 138.0 130.0 95.0 115.5
CD
3 PLM 7 TIA None 170.0 123.0 134.0 95.0 97.0 105.93
C/)' PLM 7 TIB Annular Mild 172.0 134.0 136.0 95.0 99.0 120.6
C/)
o PLM 7 T2B Annular Intermediate 175.0 127.0 145.0 100.0 102.0 120.03 PLM 7 T3I3 Pathological (OVAL A-P) Intermediate to Severe 185.0 116.0 147.0 100.0 lOI.O 117.6
PLM 7 T298 Annular Severe 206.0 133.0 145.0 107.0 IIO.O 125.1
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
PLM7 T309 05/30/00 El Laucho Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 TI29 05/30/00 El Laucho Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 T157A 05/30/00 El Laucho Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 TI59 05/30/00 El Laucho Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 TI52 05/30/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 TI57C 05/30/00 El Laucho Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 T316 05/30/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T5A 05/31/00 El Laucho Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 T6 05/31/00 El Laucho Coast Female? (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T7A 05/31/00 El Laucho Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 T40 05/31/00 El Laucho Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T133 05/31/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T136 05/31/00 El Laucho Coast Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 TI4 05/31/00 El Laucho Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 TI5 05/31/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 TI6 05/31/00 El Laucho Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T329 05/31/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T335 05/31/00 El Laucho Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 T328 05/31/00 El Laucho Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T47A 06/01/00 El Laucho Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T52 06/01/00 El Laucho Coast Female? (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 151 06/01/00 El Laucho Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 T22 06/01/00 El Laucho Coast Female? (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 T23 06/01/00 El Laucho Coast Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 T58 06/01/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures. Catalog)
PLM7 TlOO 06/01/00 El Laucho Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 TI07 06/01/00 El Laucho Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 TI26 06/02/00 El Laucho Coast Female? (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 TlOO 06/02/00 El Laucho Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM7 TI9 06/02/00 El Laucho Coast Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
PLM7 T20 06/02/00 El Laucho Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 TI7 06/02/00 El Laucho Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM7 TI8 06/02/00 El Laucho Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
7J
CD■D
OQ.
C
8Q.
$ 
1—h3"
"O
CD
3 Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
3
(/)' PLM7 T309 Annular Mild 177.0 129.0 146.0 104.0 104.0 118.3(/)
o PLM7 TI29 A P (Frontal & Occipital) Severe 174.0 149.0 125.0 96.0 100.0 122.7
3 PLM7 TI57A None 191.0 136.0 136.0 103.0 106.7 123.8
O
PLM7 TI59 Annular Intermediate to Severe 178.0 117.0 151.0 97.0 100.0 115.3
3 =
CD PLM7 TI52 Annular Mild 184.0 131.0 143.0 104.0 101.0 121.6
8 PLM7 T157C None 174.0 128.0 126.0 90.0 92.0 113.2
■o PLM7 T3I6 None 179.0 141.0 139.0 97.0 100.0 125.5
3 .
CÛ PLM7 T5A A P (Occipital) Mild to Intermediate 167.0 134.0 142.0 91.0 90.0 123.0
3 " PLM7 T6 A P (Frontal & Occipital) Severe 175.0 147.0 130.0 95.0 97.0 125.6
i PLM 7 T7A Annular Mild to Intermediate 167.0 120.0 130.0 90.0 95.0 116.9
3 PLM7 T40 None 190.0 123.0 105.0 106.0 124.2
PLM7 TI33 None 186.0 139.0 142.0 99.5 99.7 123.7
-n PLM7 TI36 None 175.0 133.0 136.0 97.0 119.1
3- PLM7 TI4 None 177.0 139.0 136.0 98.0 103.0 123.4
PLM 7 TI5 None 186.0 130.0 100.0 98.0 118.5
CD PLM7 TI6 None 180.0 134.0 116.1■D
o PLM7 T329 None 180.0 135.0 137.0 100.0 118.3Q. PLM7 T335 Annular Mild 173.0 133.0 135.0 95.0 95.0 118.9
1 PLM 7 T328 Annular Intermediate 175.0 130.0 139.0 97.0 100.0 119.8
O
3 PLM7 T47A None 170.0 138.0 145.0 91.0 95.0 119.7
■o PLM7 T52 Annular Mild 173.0 135.0 132.0 92.0 95.0 117.1
O
3 " PLM7 T51 A P (Frontal A  Occipital) Severe 174.0 157.0 130.0 99.5 102.0 127.1
g PLM7 T22 None 174.0 133.0 135.0 99.0 96.0 118.1
CDQ. PLM7 T23 Annular Intermediate to Severe 176.0 126.0 143.0 91.0 95.0 120.9
§ PLM7 T58 None 182.0 139.0 137.0 102.0 102.0 130.1
1—h
= r PLM7 TlOO None 172.0 135.0 145.0 100.0 96.0 127.7o PLM7 TI07 None 171.0 135.0 140.0 98.0 95.0 118.1
T3 PLM7 TI26 None 167.0 129.0 133.0 96.0 87.0 120.4
1 PLM7 TlOO None 172.0 131.0 137.0 100.0 109.0 119.6
(7)' PLM7 TI9 None 185.0 145.0 144.0 105.0 102.2 127.2(/)
o' PLM7 T20 None 177.0 134.0 130.0 94.0 95.0 115.7o PLM7 T17 None 166.0 131.0 141.0 99.0 96.0 118.7
PLM7 TI8 Annular Intermediate to Severe 185.0 127.5 136.0 104.0 104.0 118.3
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Cemetery Tomb # Dale Culture Geo. Loc. Sex (Based On) Age (Based On)
PLM 7 TlOA 06/02/00 El Laucho Coast Male (Skull &  Catalog) 30-40 (Dental. Sutures, Catalog)
PLM 7 T12 06/02/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental. Sutures, Catalog)
PLM 7 T i l 06/02/00 El Laucho Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 7 T25 06/05/00 El (.aucho Coast Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 7 T3I 06/05/00 El Laucho Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 7 T47B 06/05/00 El Laucho Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
P l,M 7 T25A 06/05/00 El Laucho Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 7 T8A 06/05/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T9 06/05/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T8B 06/05/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 7 T3 06/05/00 El Laucho Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PL.M4 TS/N 6 06/05/00 D Regional Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T210(B) 06/05/00 D Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T209 06/05/00 D Regional Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TS/N 5 06/05/00 D Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T62 06/05/00 D Regional Coast Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T9 06/06/00 D. Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TIG 06/06/00 D Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T205A 06/06/00 D Regional Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T205B 06/06/00 Desconocida Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T200 06/06/00 D Regional Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 4 T202 06/06/00 D Regional Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TI24 06/06/00 D Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TI23 06/06/00 D Regional Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T II9 06/06/00 D Regional Coast Male? (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 TI55 06/07/00 D Regional Coast Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 4 TI33 06/07/00 D Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T136 06/07/00 D Regional Coast Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
PLM 4 TI56 06/07/00 D Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TS/N 7 06/07/00 ? Coast Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T180 06/07/00 D Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 TI64 06/07/00 D Regional Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 TI73 06/07/00 D Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
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3 Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au3
(/)' PLM 7 TlOA Annular Intermediate to Severe 184.0 125.0 138.0 98.0 113.6
PLM 7 TI2 Annular Mild to intermediate 181.0 131.0 125.0 91.0 100.0 113.7
§ PLM 7 T i l None 194.0 140.0 142.0 104.0 126.2
PLM 7 T25 Annular Intermediate to Severe 178.0 137.0 141.0 96.0 95.0 120.0
CD PLM 7 T3! None 178.0 139.0 139.0 100.0 117.9
§ PLM 7 T47B Annular Mild to Intermediate 185.0 135.0 136.0 92.8 93.0 115.8
■O PLM 7 T25A Annular Mild 165.0 129.0 141.0 99.0 101.0 118.7
i PLM 7 T8A None 181.0 137.0 142.0 101.0 100.0 123.0
3 " PLM 7 T9 None 181.0 139.0 137.0 99.0 100.0 121.0
i PLM 7 T8B Annular Intermediate to Severe 184.0 133.0 138.0 95.0 92.0 120.2
3 PLM 7 T3 Annular Mild 195.0 137.0 153.0 106.0 110.0 130.9
PLM 4 TS/N 6 None 178.0 135.0 136.0 100.0 98.0 129.9
"n PLM 4 T2I0(B) None 169.0 127.0 133.0 94.0 95.0 112.8
3 - PLM 4 T209 None 176.0 130.0 131.0 93.0 93.5 114.9
? PLM 4 T S m S None 180.0 138.0 130.0 102.0 105.0 130.4
CD PLM 4 T62 Annular Mild 175.0 127.0 132.0 96.0 100.0 120.9
■D
3 PLM 4 T9 None 172.0 131.0 138.0 94.5 90.0 116.6
Q . PLM 4 TIO Annular Intermediate 180.0 130.0 138.0 94.0 97.0 120.2
1 PLM 4 T205A None 180.0 134.0 133.0 99.0 102.0 124.0
O
3 PLM 4 T205B A P (Frontal & Occipital) Severe 155.0 136.0 130.0 97.0 96,0 121.1
■o PLM 4 T200 None 187.0 141.0 133.0 100.0 126.4
o
3 " PLM 4 T202 None 184.0 133.2 137.0 97.9 95.0 117.9
g PLM 4 TI24 None 192.0 140.0 142.0 99.0 94.0 126.0
PLM 4 TI23 None 179.0 137.0 135.0 99.0 98.0 122.5
§ PLM 4 T II9 None 164.0 131.0 128.0 89.0 91.0 119.3
«—► 
3 " PLM 4 TI55 Annular Mild 171.0 128.9 127.0 95.0 98.0 117.7
O PLM 4 TI33 Annular Intermediate 175.0 140.0 136.0 99.0 102.0 128.7
T3 PLM 4 TI36 Annular Mild 179.0 125.0 135.0 96.0 99.0 110.3
g PLM 4 TI56 Annular Mild 181.0 133.0 135.0 95.0 97.0 120.9
(7)' PLM 4 TS/N 7 None 177.0 130.0 131.0 95.0 101.0 117.7(/)
o ' PLM 4 T180 None 169.0 126.9 128.0 90.0 91.0 112.8
3 PLM 4 TI64 Annular Intermediate 184.3 126.0 131.0 99.0 101.0 115.9
PLM 4 TI73 None 175.0 135.0 137.0 103.5 97.0 128.2
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Cemetery Tom b# N B B-L L-O Ba-O FMBred Mandible Height (MF) Mandible Breadth (MF) Go-Go
PLM 7 TlOA 121.8 100.9 113.9 31.9 29.0
PLM 7 TI2 113.2 101.9 106.4 31.5 24.7
PLM 7 T l i 124.4 100.3 114.5 36.9 30.6
PLM 7 T25 126.5 95.7 118.7 32.5 31.0 31.5 11.9 88.1
PLM 7 T3! 118.8 105.1 101.7 34.1 30.9
PLM 7 T47B 124.4 110.2 107.7 33.3 30.2
P i,M 7 T25A 114.3 93.2 110.1 31.9 29.8 29.2 12.5 101.1
PLM 7 T8A 115.8 111.4 109.5 32.2 31.9
PLM 7 T9 111.7 100.6 116.3 34.8 31.0
PLM 7 T8B 119.1 108.9 101.9 39.4 31.8
PLM 7 T3 125.1 32.2 35.0
P l,M 4 TS/N 6 114,3 111.2 92.3 35.6 30.6 33.1 11.5 104.3
PLM 4 T 210(B) 109.1 99.5 106.4 29.8 27.5
PLM 4 T209 107.7 113.9 95.2 32.8 29.5
PLM 4 TS/N 5 109.9 106.7 99.8 39.9 31.9
PLM 4 T62 113.5 104.6 98.8 28.4 27.6
PLM 4 T9 118.3 106.1 96.2 34.5 29.7
PLM 4 TIO 115.9 112.6 104.6 34.8 30.2
PLM 4 T205A 111.7 103.1 98.0 33.9 29.3 32.1 10.2 98.2
PLM 4 T205B 106.3 89.3 97.8 33.1 29.7
PIM  4 T200 122.9 108.4 100.0 39.6 32.5 97.1
PIM  4 T202 124.6 112.3 94.5 37.8 29.4 29.8 10.8 95.6
PLM 4 T124 123.0 117.1 107.4 32.8 30.6
PLM 4 T123 119.9 105.6 101.9 32.3 30.5 29.6 11.0 97.5
PLM 4 TI19 101.9 104.1 100.5 32.5 28.4 28.1 12.2 96.6
PIM  4 T155 106.2 94.3 107.0 32.8 27.5 91.4
PLM 4 T133 114.7 96.7 115.6 33.5 28.5 30.8 10.9 91.5
PLM 4 T136 116.3 112.0 95.8 33.4 31.8 29.7 11.8 90.4
PLM 4 T156 118.9 104.5 114.1 32.4 29.2 31.9 11.8 95.6
PLM 4 TS/N 7 114.5 104.3 98.9 30.9 26.6
PLM 4 T180 106.0 107.3 92.4 32.9 27.3 88.6
PLM 4 T164 116.9 108.0 96.7 33.7 27.7 31.3 11.5 89.6
PLM 4 T173 108.7 103.8 107.3 34.5 30.3 31.6 10.3 111.9
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Cemetery Tom b# Orb. Height Fma-Fma D-D Zy-Zy
PLM 7 TlOA 39.1 98.0 21.5 127.0
PLM 7 TI2 33.5 96.9 20.1 127.0
PLM 7 T l l 34.7 101.7 24.0 142.0
PLM 7 T25 37.1 93.5 17.4 127.0
PI M 7 T3I 38.5 98.9 20.6 129.0
PLM 7 T47B 36.1 95.1 23.4 125.0
PLM 7 T25A 38.2 96.6 19.9 128.0
PLM 7 T8A 34.9 98.0 23.7 137.0
PI.M 7 T9 37.8 98.2 20.7 134.0
PLM 7 T8B 33.3 96.1 20.4 135.0
PI M 7 T3 36.3 104.5 24.6 148.5
PLM 4 T S/N 6 36.9 99.2 18.8 146.0
PLM 4 T 2 10(B) 37.0 88.4 18.3 122.0
PLM 4 T209 33.9 96.4 19.5
PLM 4 TS/N 5 34.8 92.8 19.7 136.0
PLM 4 T62 35.1 93.7 20.0 130.0
PLM 4 T9 33.2 93.6 19.9 126.0
PLM 4 TIO 35.6 94.9 19.2 129.0
PLM 4 T205A 34.2 96.3 22.3 136.0
PLM 4 T205B 32.8 98.7 23.1 133.3
PLM 4 T200 33.8 95.3 21.1 136.0
PLM 4 T202 34.7 92.9 17.6 129.0
PLM 4 TI24 35.3 97.5 22.2 135.0
PLM 4 T123 34.4 92.0 19.8 128.0
PIM  4 T II9 33.1 91.2 19.5 130.0
PLM 4 TI55 36.2 88.9 19.4 126.7
PLM 4 TI33 36.5 96.9 18.7 141.0
PLM 4 TI36 35.4 96.0 19.4 126.0
PLM 4 TI56 36.1 99.3 19.9 134.0
PLM 4 TS/N 7 33.2 93.5 18.4 130.0
PLM 4 TI80 33.6 88.9 17.5 122.0
PLM 4 TI64 35.1 100.9 24.1 133.0
PLM 4 TI73 31.6 94.2 22.2 142.0
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
o"3
8■DN<
CD
3.
3 "
CD
CD■D
O
Q .
C
aO
3
■D
O
CD
Q .
■D
CD
C /)
C /)
Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
PLM 4 T191 06/07/00 D Regional Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T196 06/07/00 Genlilar Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T112 06/08/00 D Regional Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T117 06/08/00 D Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T118 06/08/00 D Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 TS/N 4 06/08/00 D Regional Coast Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TS/N3 06/08/00 D. Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PI.M 4 TS/N 1 06/08/00 San Miguel Coast Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 TS/N 2 06/08/00 D Regional Coast Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 T79A 06/09/00 D Regional Coast Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
PLM 4 T79B 06/09/00 D Regional Coast Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
P IM  4 T99 06/09/00 D Regional Coast Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
PLM 4 TALPA 06/09/00 San Miguel Coast Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 TCl 06/09/00 Cabuza Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 TAl 06/09/00 Cabuza Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 TBB 06/09/00 Cabuza Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 TA3 06/09/00 Cabuza Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 TCC 06/09/00 Cabuza Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 TDD 06/09/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 TEl 06/09/00 Cabuza Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 TMl 06/09/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T84A 06/12/00 Azapa Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 TIOIA 06/12/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T102B 06/12/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T103C 06/12/00 Cabuza Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T104 06/12/00 Cabuza Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 TI08 06/12/00 Cabuza Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T115 06/12/00 Cabuza Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T118 06/12/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T127 06/13/00 Tiwanaku Inland Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T167 06/13/00 Maytas Inland Female (Skull &  Catalog) 30 40 (Dental, Sutures, Catalog)
AZ-71 T194 06/13/00 C a k z a Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T162B 06/13/00 Cabuza Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
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Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
P IM  4 T191 Annular Mild 181.0 131.0 135.0 97.2 97.0 129.0
PLM 4 T196 Annular Mild to Intermediate 191.0 137.0 134.5 101.0 105.0 125.4
PLM 4 T112 Annular Intermediate 200.0 126.0 102.5 99.0 121.0
PLM 4 T117 None 177.0 134.5 137.0 99.0 101.5 116.7
PLM 4 TI18 Annular Mild 178.0 125.0 130.5 90.5 95.0 111.9
PIM  4 TS/N 4 Annular Mild 177.0 125.0 127.0 96.0 93.0 115.4
PLM 4 TS/N 3 None 175.0 133.0 128.0 95.5 97.6 117.8
PLM 4 TS/N 1 A-P (Occipital) Intermediate to Severe 156.0 142.0 129.0 95.0 100.0 119.6
PLM 4 TS/N 2 Annular Mild to Intermediate 190.0 135.0 146.9 101.0 98.0 122.5
PLM 4 T79A Annular Intermediate 182.5 124.0 129.0 95.0 96.0 114.2
PLM 4 T79B Annular Mild 182.0 129.0 138.0 100.0 96.5 124.8
PLM 4 T99 None 161.0 130.0 133.0 90.5 94.0 120.1
PLM 4 TALPA None 177.0 135.0 136.0 94.0 94.0 126.5
AZ-71 TCl A-P (Occipital) Mild 171.0 145.0 133.0 99.0 100.0 127.7
AZ-71 TA l A-P (Occipital) Mild 165.0 130.0 135.0 97.0 104.0 117.2
AZ-71 TBB None 166.0 139.0 132.0 90.0 120.6
AZ-71 TA3 None 173.0 137.0 136.0 104.0 109.0 122.3
AZ-71 TCC A-P (Occipital) Mild 176.0 143.0 144.0 101.0 103.0 124.2
AZ-71 TDD None 164.0 140.0 134.0 91.0 90.0 126.2
AZ-71 TEl A-P (Occipital) Intermediate 156.0 145.0 130.5 93.0 96.0 117.3
AZ-71 TM l A-P (Occipital) Intermediate 160.0 142.0 139.0 98.0 86.0 123.4
AZ-71 T84A None 166.0 135.0 126.0 90.0 88.0 117.5
AZ-71 TIOIA A-P (Frontal & Occipital) Intermediate 174.0 152.0 137.0 96.0 105.0 125.5
AZ-71 T102B A-P (Occipital) Mild to Intermediate 159.0 136.0 125.0 92.0 99.0 123.3
AZ-71 T103C A-P (Occipital) Intermediate to Severe 157.0 148.0 130.0 99.0 128.2
AZ-71 T104 None 178.0 140.0 134.0 95.0 95.0 117.7
AZ-71 TI08 A-P (Frontal & Occipital) Intermediate to Severe 162.0 137.0 131.0 96.0 127.8
AZ-71 TI15 A-P (Occipital) Intermediate 160.0 140.0 139.0 99.0 99.0 121.8
AZ-71 T118 A-P (Frontal & Occipital) Mild 162.0 143.0 140.0 100.0 93.0 126.4
AZ-71 T127 A-P (Frontal & Occipital) Intermediate to Severe 155.0 152.2 139.0 93.0 94.5 123.0
AZ-71 T167 A-P (Occipital) Mild to Intermediate 153.5 139.0 126.0 90.0 89.5 121.2
AZ-71 T194 A-P (Frontal & Occipital) Intermediate 163.0 163.0 139.0 97.0 99.0 132.2
AZ-71 T162B A-P (Occipital) Mild 170.0 140.0 131.0 96.0 100.0 124.7
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
AZ-71 T171 06/13/00 Maytas Inland Female (Skull &  Catalog) 18-30 (Dental. Sutures, Catalog)
AZ-71 T201B 06/13/00 Cabuza Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T205 06/13/00 Cabuza Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 TT207 06/13/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T215 06/13/00 Cabuza Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T235A 06/14/00 Tiwanaku Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T282 06/14/00 Cabuza Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T286 06/14/00 Tiwanaku Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T331 06/14/00 Azapa Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T341 06/14/00 Tiwanaku Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T397 06/14/00 Tiwanaku Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T328 06/14/00 Azapa Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T393 06/14/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T407 06/14/00 Maytas Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T468 06/14/00 Tiwanaku Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T493 06/14/00 Maytas Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T502 06/14/00 Tiwanaku Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T496 06/14/00 Maytas Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T505 06/1 S/00 7 Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T601 06/15/00 Cabuza Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T602 06/15/00 Alto Ramirez Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T603 06/15/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-71 T605 06/15/00 Cabuza Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T615 06/15/00 Cabuza Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-71 T616 06/15/00 Cabuza Inland Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-71 T617 06/15/00 Cabuza Inland Male (Skull & Catalog) 30-40 (Dental, Sutures. Catalog)
AZ-140 TDeac. 1 C2 06/16/00 Maytas Inland Male (Skull &  Catalog) >60 (Dental, Sutures, Catalog)
AZ-140 T4 06/16/00 San Miguel Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T7 06/16/00 Maytas Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T5 06/16/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T8 06/16/00 Maytas Inland Female (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 TIO 06/16/00 Maytas Inland Female (Skull &  Catalog) 30-40 (Dental. Sutures, Catalog)
AZ-140 T16 06/16/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog) O s
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3
C/) AZ-71 T171 A-P (Occipital) Mild 165.0 130.0 129.0 90.0 85.0 112.7
AZ-71 T201B None 186.0 139.0 120.0 107.0 109.0 125.9
§ AZ-71 T205 A-P (Occipital) Mild 176.0 145.0 137.0 104.0 101.0 125.7
2 , AZ-71 TT207 A-P (Frontal & Occipital) Severe 159.0 154.0 140.0 94.0 132.6
CD AZ-71 T215 A-P (Frontal &  Occipital) Intermedaite to Severe 156.0 136.5 133.0 93.0 95.0 123.3
g AZ-71 T235A None 170.0 133.0 131.5 89.0 87.0 116.5
AZ-71 T282 Annular Mild 170.0 132.2 138.0 99.0 95.0 127.1
eg- AZ-71 T286 A-P (Frontal & Occipital) Intermediate to Severe 164.0 150.0 131.0 95.0 128.4
3 AZ-71 T331 None 178.0 137.0 139.0 95.0 98.0 126.4
i AZ-71 T341 A-P (Occipital) Mild 167.5 135.0 137.0 94.0 96.0 124.5
3 AZ-71 T397 A-P (Frontal & Occipital) Mild 160.0 130.0 130.0 91.0 90.0 114.8
r AZ-71 T328 A-P (Occipital) Intermediate to Severe 155.0 135.0 133.0 98.0 99.0 122.4
“n AZ-71 T393 A-P (Occipital) Mild 167.9 136.0 139.0 96.0 96.0 122.9
q - AZ-71 T407 None 173.0 130.0 135.0 98.0 99.0 120.1
? AZ-71 T468 A-P (Occipital) Mild 171.0 131.0 138.0 100.0 114.1
3 AZ-71 T493 A-P (Frontal A  Occipital) Intermediate to Severe 150.0 139.0 136.0 95.0 96.0 123.6
■o
q AZ-71 T502 None 168.0 142.0 135.0 94.0 98.0 128.9
1 AZ-71 T496 A-P (Frontal A  Occipital) Severe 168.0 163.0 147.0 100.0 95.0 134.1
1 AZ-71 T505 A-P (Occipital) Mild 169.0 133.0 128.5 93.0 94.3 119.2
o
3 AZ-71 T601 A-P (Occipital) Intermediate 170.0 146.0 138.0 100.0 125.9
■o AZ-71 T602 A-P (Occipital) Intermediate to  Severe 164.0 148.0 143.0 100.0 100.0 126.7
o
3 " AZ-71 T603 A-P (Occipital) Severe 150.0 143.0 133.0 94.0 96.0 121.9
CT AZ-71 T605 A-P (Occipital) Mild to Intermediate 155.0 142.0 134.0 96.0 124.5
1 AZ-71 T615 Annular Intermediate 177.0 130.0 141.0 103.0 95.0 125.1
g AZ-71 T616 A-P (Occipital) Mild 170.0 142.0 135.0 94.0 100.0 129.0
1—H
3 " AZ-71 T617 A-P (Occipital) Mild 160.0 145.0 139.0 95.0 94.0 123.6oc AZ-140 TDesc. 1 C2 None 182.0 145.0 140.0 101.0 131.7
"S AZ-140 T4 Annular Intermediate to Severe 175.0 127.0 130.0 93.0 98.0 115.3CD
3 AZ-140 T7 A-P (Occipital) Mild 176.0 149.0 141.0 101 0 133.13
(/)' AZ-140 T5 None 177.0 144.0 123.0 93.0 95.0 124.4(/)
o' AZ-140 T8 A-P (Occipital) Mild to Intermediate 160.0 149.0 133.0 96.0 100.0 127.23 AZ-140 TIO None 169.0 130.0 134.0 91.5 97.0 120.1
AZ-140 T16 A-P (Frontal A  Occipital) Intermediate 157.0 150.0 132.0 96.0 132.3
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Cemetery Tom b# Cdl-Cdl Min. Ramus Bred Ecm-Ecm N-Pr Fmt-Pmt Ft-Ft N-Ns Al-Al D-Fma
AZ-71 TI71 109.1 28.1 54.0 64.8 97.7 88.7 48.6 22.2 37.8
AZ-71 T20IB 123.5 38.2 66.8 72.6 105.9 93.9 47.7 24.0 39.4
AZ-71 T205 127.5 35.5 73.7 104.5 94.1 53.3 23.9 37.9
AZ-71 TT207 100.1 83.8 46.8 22.7 37.9
AZ-71 T2I5 120.9 36.1 60.0 67.3 104.2 86.5 47.0 23.1 40.3
AZ-71 T235A 110.1 33.5 60.1 66.1 98.4 88.9 46.3 24.1 36.4
AZ-71 T282 126.8 32.6 59.9 69.6 105.7 91.4 52.5 22.6 38.8
AZ-71 T286 105.6 92.3 47.8 27.3 40.0
AZ-71 T331 119.5 33.5 73.8 106.4 88.9 51.7 27.6 38.7
AZ-71 T341 132.4 31.3 58.2 66.3 101.4 87.7 49.3 21.6 38.7
AZ-71 T397 55.8 61.2 93.3 77.8 43.1 21.8 34.7
AZ-71 T328 56.6 62.4 95.2 88.8 47.6 21.7 35.9
AZ-71 T393 56.8 68.7 100.9 87.8 46.2 22.5 37.5
AZ-71 T407 67.2 70.3 99.2 81.4 48.2 23.9 36.2
AZ-71 T468 100.7 86.6 45.2 21.7 39.8
AZ-71 T493 116.5 33.9 60.6 72.3 100.7 83.8 48.1 23.6 37.6
AZ-71 T502 62.0 74.0 108.1 90.2 49.6 28.2 38.8
AZ-71 T496 67.6 74.5 107.7 93.5 51.9 24.5 39.5
AZ-71 T505 57.5 67.0 102.1 85.4 45.9 23.2 38.7
AZ-71 T60I 123.8 39.5 104.4 90.2 50.2 24.5 37.2
AZ-71 T602 67.1 72.8 106.5 91.3 49.9 39.3
AZ-71 T603 57.1 70.5 100.7 84.6 49.5 21.8 40.2
AZ-71 T605 100.7 83.4 48.8 26.4 36.7
AZ-71 T6I5 117.5 33.0 60.6 73.7 106.4 92.5 54.1 25.5 39.2
AZ-71 T6I6 59.5 67.5 101.1 88.6 48.6 24.6 38.8
AZ-71 T6I7 116.9 32.5 63.5 68.1 101.4 83.6 49.9 23.5 39.3
AZ-140 TDesc. 1 C2 105.6 92.2 51.1 26.7 37.4
AZ-140 T4 112.2 34.8 60.6 66.1 100.6 89.3 44.3 23.9 36.7
AZ-140 T7 128.8 32.7 106.2 96.3 51.4 24.3 39.3
AZ-140 T5 74.4 104.3 89.9 50.8 22.0 39.9
AZ-140 T8 122.3 32.9 69.6 104.8 90.7 49.5 24.2 38.3
AZ-140 TIO 60.7 68.8 97.9 85.3 45.3 24.3 34.8
AZ-140 T I6 129.9 33.0 106.7 93.9 49.9 27.5 40.6
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
AZ-140 T19 06/16/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T2I 06/20/00 San Miguel Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T27 06/20/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T28 06/20/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures. Catalog)
AZ-140 T29 06/20/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T35 06/20/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T36 06/20/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures. Catalog)
AZ-140 T38 06/20/00 Maytas Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T45B 06/21/00 San Miguel Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T46B 06/21/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T39 06/21/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T44 06/21/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T47 06/21/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T48 06/21/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T50 06/21/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T51 06/21/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T55 06/21/00 Maytas Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T56 06/22/00 Maytas Inland Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T58 06/22/00 Maytas Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T63 06/22/00 Maylas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T64A 06/22/00 Maytas Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T67 06/22/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T68 06/22/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T73 06/23/00 Maytas Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T78 06/23/00 Maytas Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T81 06/23/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T82 06/23/00 Maytas Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T91 06/23/00 Maytas Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T92 06/23/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T93 06/23/00 Maytas Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T97 06/23/00 Maytas Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 TlOO 06/23/00 Maytas Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T104 06/27/00 Maytas Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
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Cemetery Tomb # Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
AZ-140 T19 A-P (Occipital) Severe 156.0 152.0 133.0 90.0 124.7
AZ-140 T21 Annular Severe 160.0 131.0 134.0 94.0 101.0 119.3
AZ-140 T27 None 169.0 137.0 132.0 91.0 90.0 121.3
AZ-140 T28 None 160.0 142.0 129.0 98.0 95.0 126.5
AZ-140 T29 A-P (Frontal & Occipital) Intermediate 164.0 153.0 140.0 98.0 97.0 130.1
AZ-140 T35 None 170.0 145.0 133.0 94.0 90.0 124.7
AZ-140 T36 None 174.0 137.0 122.0 95.0 94.0 117.6
AZ-140 T38 None 179.0 135.0 132.5 92.0 97.0 119.8
AZ-140 T45B None 170.0 131.0 126.0 96.0 101.0 113.4
AZ-140 T46B A-P (Occipital) Intermediate 155.0 140.0 132.0 90.0 88.5 119.2
AZ-140 T39 None 167.0 128.0 130.0 94.0 95.0 116.8
AZ-140 T44 Annular Intermediate 180.0 143.0 134.0 90.0 89.0 115.1
AZ-140 T47 None 166.0 140.0 126.0 90.0 96.5 125.7
AZ-140 T48 A-P (Occipital) Mild 163.5 142.0 135.0 92.0 94.0 121.6
AZ-140 T50 A-P (Occipital) Intermediate 155.0 142.0 123.0 90.0 100.0 117.9
AZ-140 T51 A-P (occipital) Mild 161.0 141.0 130.0 92.2 94.0 125.4
AZ-140 T55 None 169.0 147.5 130.0 90.0 90.0 125.2
AZ-140 T56 None 170.0 140.0 133.0 94.0 125.4
AZ-140 T58 Annular Intermediate 160.0 134.0 134.0 91.0 98.0 117.2
AZ-140 T63 A-P (Occipital) Mild 160.0 137.5 121.5 90.0 91.0 117.5
AZ-140 T64A A-P (Occipital) Mild 170.0 139.0 136.0 96.0 93.0 121.7
AZ-140 T67 None 156.0 127.0 123.0 87.5 95.0 111.3
AZ-140 T68 Annular Intermediate 173.0 140.0 134.0 90.0 87.0 125.2
AZ-140 T73 A-P (Occipital) Severe 152.0 150.0 130.0 91.0 92.0 130.3
AZ-140 T78 Annular Intermediate 170.0 128.0 134.0 97.0 101.0 111.0
AZ-140 T81 A-P (Frontal & Occipital) Severe 161.5 150.0 133.0 93.0 129.8
AZ-140 T82 None 182.0 146.0 134.0 102.0 105.0 124.9
AZ-140 T91 None 175.0 138.0 140.0 99.0 90.0 125.9
AZ-140 T92 None 165.0 133.0 130.0 95.0 94.0 121.9
AZ-140 T93 A-P (Frontal & Occipital) Intermediate 183.0 147.0 130.0 98.0 95.0 125.3
AZ-140 T97 A-P (Frontal & Occipital) Intermediate 155.0 142.0 138.0 98.0 98.0 132.8
AZ-140 TlOO A-P (Occipital) Mild 160.0 143.0 133.0 93.0 95.0 126.2
AZ-140 T104 A-P (Frontal & Occipital) Intermediate 174.0 141.0 128.0 100.0 101.0 128.0
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AZ-140 T19 120.7 31.5 100.9 86.1 47.2 24.5 35.3
AZ-140 T21 111.8 33.0 63.9 67.3 101.8 81.9 51.3 21.9 37.6
AZ-140 T27 123.7 29.8 66.0 98.8 83.4 46.3 27.5 38.4
AZ-140 T28 66.4 68.6 104.0 90.3 50.6 24.5 37.5
AZ-140 T29 70.9 109.8 96.6 51.3 23.4 39.5
AZ-140 T35 114.8 28.5 59.3 70.4 102.5 91.5 47.7 24.0 37.5
AZ-140 T36 112.5 31.0 57.1 101.9 88.7 41.3 23.5 40.5
AZ-140 T38 119.9 34.3 62.7 66.0 101.2 84.7 47.6 23.5 36.7
AZ-140 T45B 112.7 35.1 60.1 62.6 98.2 83.5 44.7 23.9 35.5
AZ-140 T46B 116.7 33.8 61.1 97.8 83.2 46.1 23.9 36.6
AZ-140 T39 58.8 66.9 101.2 86.8 48.4 25.5 37.0
AZ-140 T44 91.9 77.7 51.8 21.6 34.6
AZ-140 T47 122.5 31.4 60.1 70.0 105.1 91.4 49.0 24.5 40.3
AZ-140 T48 117.2 36.3 61.2 70.8 102.9 86.9 47.6 26.3 37.9
AZ-140 T50 114.3 34.5 69.6 68.7 104.7 87.3 44.6 25.0 39.2
AZ-140 T51 121.4 37.2 57.0 62.6 97.5 84.4 43.7 24.0 36.5
AZ-140 T55 59.8 64.2 97.9 91.3 47.8 26.2 35.5
AZ-140 T56 121.4 32.5 106.2 91.6 48.8 22.7 40.9
AZ-140 T58 69.4 93.3 73.4 49.5 24.4 35.4
AZ-140 T63 113.3 30.4 62.8 63.1 100.8 81.6 45.9 24.9 36.6
AZ-140 T64A 124.0 35.0 64.6 68.5 103.2 85.4 46.9 26.3 39.5
AZ-140 T67 104.2 29.9 60.5 61.2 90.1 77.9 42.6 22.7 31.7
AZ-140 T68 116.1 33.3 64.7 72.4 99.2 89.8 49.2 23.1 36.0
AZ-140 T73 125.4 31.2 61.6 64.0 100.4 90.4 46.3 23.0 37.2
AZ-140 T78 111.9 33.2 56.6 68.9 98.2 87.9 48.0 25.5 36.5
AZ-140 T81 124.6 34.6 107.6 92.9 50.2 28.2 38.7
AZ-140 T82 121.0 36.8 61.3 73.1 106.7 99.6 54.9 25.7 40.4
AZ-140 T91 118.7 28.0 59.0 76.9 106.1 97.0 52.6 23.5 38.8
AZ-140 T92 118.8 37.0 64.9 106.1 84.4 46.7 25.6 38.6
AZ-140 T93 117.8 32.8 71.1 105.6 87.7 52.3 24.3 41.5
AZ-140 T97 130.0 38.2 61.7 69.9 105.9 85.4 52.4 22.4 38.8
AZ-140 TlOO 119.7 26.0 61.8 73.1 107.6 88.9 52.1 25.6 41.2
AZ-140 T104 120.3 35.7 63.6 73.1 108.3 87.8 51.0 26.3 40.3
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Cemetery Tom b# Date Culture Geo. Lee. Sex (Baged On) Age (Based On)
AZ-140 T105 06/27/00 Maytag Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T106 06/27/00 Maytag Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T107 06/27/00 Maytag Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T108A 06/27/00 Maytag Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 Tl l O 06/27/00 Maytag Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T112A 06/27/00 Maytag Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T113 06/27/00 Maytag Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T116 06/27/00 Maytag Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T117 06/27/00 Maytag Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T118 06/27/00 Maytag Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T120 06/27/00 Maytag Inland Female (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T122 06/28/00 Maytag Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T124 06/28/00 Maytag Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 T125 06/28/00 Maytag Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 T126 06/28/00 Maytag Inland Female (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 T128 06/28/00 Maytag Inland Male (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-140 TXPB 06/28/00 Maytag Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-140 TXPB4 06/28/00 Maytag Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 TXPB6 06/28/00 Maytag Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-140 TMMB 06/28/00 Maytag Inland Male (Skull A  Catalog) >60 (Dental, Sutures, Catalog)
AZ-70 TLOl T14 06/30/00 Alto Ramirez Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-70 TLOl Cr4 06/30/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TLOl Cr6 06/30/00 Alto Ramirez Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 TLOl T435 06/30/00 Alto Ramirez Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 T L 0 2 C rl 06/30/00 Alto Ramirez Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 TL02 T4 06/30/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TL02 Cr5 06/30/00 Alto Ramirez Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 TL02 Cr6 06/30/00 Alto Ramirez Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TL02 Cr7 06/30/00 Alto Ramirez Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 TOL2 Cr8 06/30/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TOL2 Cr9 06/30/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 T L 0 2 C rl6 06/30/00 Alto Ramirez Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-70 T L 0 2 C rl8 07/04/00 Alto Ramirez Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
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3
C/Î AZ-140 T105 A-P (Frontal A  Occipital) Severe 156.0 154.0 140.0 93.0 130.2
AZ-140 T106 Annular Intermediate 189.0 151.0 141.0 106.0 103.0 133.6
§ AZ-140 T107 Annular Intermediate to Severe 175.0 134.0 125.0 93.0 92.0 116.7
a AZ-140 T108A A-P (Occipital) Mild 169.0 135.0 134.0 99.0 96.0 123.6
œ AZ-140 Tl l O Annular Mild 162.0 128.0 133.0 94.0 87.0 115.1
o AZ-140 T112A None 168.0 134.0 134.0 97.0 119.4
AZ-140 T113 None 170.0 141.0 127.0 94.0 84.5 123.2
3. AZ-140 T116 None 175.0 135.0 129.0 89.0 92.0 120.8
3 AZ-140 T117 None 171.0 129.0 129.0 98.0 97.0 117.5
i AZ-140 T118 None 160.0 131.0 129.0 96.0 102.0 118.5
=3CD AZ-140 T120 Annular Intermediate to Severe 169.0 137.0 117.0 90.0 95.0 123.5
AZ-140 T122 A-P (Occipital) Mild 170.0 139.0 138.0 110.0 110.0 127.6
-n AZ-140 T124 Annular Mild 163.0 122.0 129.0 97.0 100.0 111.7
3- AZ-140 T125 A-P (Frontal A  Occipital) Severe 164.0 147.0 129.0 91.0 91.0 124.2
AZ-140 T126 A-P (Occipital) Intermediate 149.0 137.0 134.0 96.0 100.0 120.5
3 AZ-140 T128 A-P (Frontal A  Occipital) Severe 165.0 143.0 140.0 98.0 104.0 130.4■oq AZ-140 TXPB A-P (Occipital) Mild 163.0 138.0 126.0 90.0 92.0 117.1
1 AZ-140 TXPB4 A-P (Occipital) Mild 160.0 146.0 130.0 86.0 90.0 117.0
a AZ-140 TXPB6 A-P (Frontal A  Occipital) Intermediate 170.0 155.0 150.0 106.0 113.0 132.8
o3 AZ-140 TMMB A-P (Occipital) Intermediate 167.0 155.0 144.0 100.0 101.2 134.7
■o AZ-70 TLOl T14 Aimular Intermediate to Severe 173.5 126.5 140.0 96.0 101.0 120.0
o3" AZ-70 TLOl Cr4 Annular Intermediate to Severe 184.5 128.0 134.5 92.0 94.0 109.2
AZ-70 TLOl Cr6 A-P (Frontal A  Occipital) Mild 168.0 135.5 133.5 88.0 91.0 115.2
1 AZ-70 TLOl T435 Annular Severe 181.0 132.0 135.0 104.0 110 0 124.7
g AZ-70 T L 0 2 C rl Annular Mild to Intermediate 175.0 130.0 131.0 98.0 101.0 124.4
g AZ-70 TL02 T4 Annular Severe 170.0 124.0 136.0 93.0 98.0 117.7o
c AZ-70 TL02 Cr5 Annular Severe 184.0 126.5 140.0 101.0 98.5 122.3
-o AZ-70 TL02 Cr6 Annular Mild 187.0 134.0 136.0 98.0 97.0 125.6(D
3 AZ-70 TL02 Cr7 Annular Mild 176.0 130.0 135.0 104.5 108.5 123.33
(/)' AZ-70 TOL2 Cr8 None 167.0 126.0 130.0 86.0 93.0 121.2(/)
O AZ-70 TOL2Cr9 None 160.0 131.0 131.0 88.0 93.0 111.93 AZ-70 TL02 Cr l 6 A-P (Frontal A  Occipital) Severe 181.5 157.0 139.0 102.0 135.2
AZ-70 T L 0 2 C rl8 A-P (Frontal A  Occipital) Mild 165.0 138.0 129.0 94.0 95.0 117.8
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
AZ-70 T L 0 3 T I 07/04/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-70 TL04 T6B 07/04/00 San Miguel Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-70 T L 07C r8 07/04/00 San Miguel Inland Female (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-75 TS/N E 07/03/00 Alto Ramirez Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-75 TS/N D 07/03/00 Alto Ramirez Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-75 T6588 07/03/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-75 TI7C 07/03/00 San Miguel Inland Female (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-75 TI7 07/03/00 ? Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-75 T43 07/03/00 San Lorenzo Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-75 Tl 07/03/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures)
AZ-75 T I04E 4 07/03/00 San Lorenzo Inland Female? (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-75 TDesc. 1 07/03/00 Alto Ramirez Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-75D T8B 07/03/00 Alto Ramirez Tardio Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-75 T57 07/03/00 San Lorenzo Inland Male (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-75E TO.l 07/03/00 Alto Ramirez Tardio Inland Male? (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-6 T26 07/04/00 Cabuza Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T30 07/04/00 Cabuza Inland Male (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-6 T33 07/04/00 Cabuza-TW Inland Male? (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-6 Tl 07/04/00 Cabuza Inland Female (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-6 T2 07/04/00 Cabuza Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T3 07/04/00 Cabuza Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T6 07/05/00 Cabuza Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 T8 07/05/00 Cabuza Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 TI5 07/05/00 Cabuza Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T22 07/05/00 Cabuza Inland Female (Skull A  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-6 T25 07/05/00 Cabuza Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T36 07/05/00 Cabuza Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T4I 07/05/00 Cabuza Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 T48 07/05/00 Cabuza Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures. Catalog)
AZ-6 T60 07/05/00 Sobraya Inland Female (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 TIOI-I 07/05/00 C ab u û Inland Male (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 TIOI-II 07/05/00 Cabuza Inland Female? (Skull A  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-6 TI02 07/06/00 Cabuza Inland Female (Skull A  Catalog) 30-40 (Dental, Sutures, Catalog)
CD■D
OQ.C
8Q.
$ 
1—H3"
"O
CD
g Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
C/j' AZ-70 TL03 T l Annular Mild to Intermediate 163.0 130.0 134.0 93.0 112.6
C/)
o' AZ-70 TL 04 T6B None 172.0 141.0 128.0 99.0 100.0 125.43 AZ-70 T L 07C r8 Annular Mild 170.0 130.0 137.5 95.0 115.9
AZ-75 TS/N E A-P (Frontal & Occipital) Severe 155.0 150.0 138.0 93.0 98.0 128.13"
CD AZ-75 TS/N D A-P (Frontal & Occipital) Mild 162.5 143.0 140.0 97.0 97.5 121.0
8 AZ-75 T6588 A-P (Frontal & Occipital) Severe 145.0 138.0 124.0 91.0 99.0 118.5"ON< AZ-75 TI7C Annular Intermediate to Severe 165.0 122.0 132.0 95.0 99.0 118.2
(O' AZ-75 T17 Annular Mild to Intermediate 180.0 132.5 132.0 96.0 99.0 117.03" AZ-75 T43 A-P (Frontal & Occipital) Severe 156.0 155.0 126.0 88.5 126.8
i AZ-75 Tl A-P (Frontal & Occipital) Severe 156.0 152.0 133.0 94.0 99.0 131.53
CD AZ-75 T I04E 4 A-P (Frontal & Occipital) Mild 157.0 138.0 132.8 95.0 99.0 120.7
AZ-75 TDesc. 1 A-P (Frontal & Occipital) Intermediate 150.0 149.0 120.0 89.0 92.0 121.5
"nc AZ-75D T8B A-P (Frontal & Occipital) Intermediate 155.0 151.0 136.0 99.0 128.8
3- AZ-75 T57 Annular Mild 168.0 134.0 137.5 100.0 105.0 125.9
O AZ-75E TO.l A-P (Frontal & Occipital) Severe 153.0 154.0 130.0 93.0 96.0 124.9
CD AZ-6 T26 A-P (Frontal & Occipital) Intermediate 161.0 140.0 131.0 99.0 96.0 125.5"O
O AZ-6 T30 A-P (Frontal & Occipital) Mild 177.0 146.0 136.0 100.0 129.0Q.C AZ-6 T33 A-P (Frontal & Occipital) Mild 168.0 145.0 140.0 95.0 98.0 118.9
a AZ-6 Tl A-P (Frontal & Occipital) Intermediate 165.0 140.0 135.0 96.0 124.3O
3 AZ-6 T2 None 170.0 139.0 137.5 99.0 99.0 123.9
■O AZ-6 T3 None 172.0 142.0 142.0 98.0 98.0 129.3O
3 " AZ-6 T6 A-P (Occipital) Mild 166.0 141.5 133.0 94.0 96.0 124.8
CT
(—H AZ-6 T8 A-P (Occipital) Intermediate to Severe 151.0 145.0 136.5 93.5 100.0 126.2
CD
Q . AZ-6 T15 Annular Mild 174.0 138.0 137.0 95.0 95.0 123.9
g AZ-6 T22 A-P (Frontal & Occipital) Intermediate 166.0 143.0 133.0 95.0 124.7
3 " AZ-6 T25 None 183.0 136.0 140.0 101.0 105.0 123.3
AZ-6 T36 A-P (Frontal & Occipital) Intermediate 170.0 153.0 139.0 106.0 103.0 130.2
■O AZ-6 T41 None 167.0 135.0 133.0 91.0 93.0 114.5
I AZ-6 T48 A-P (Occipital) Mild 161.0 137.0 133.0 95.0 95.0 118.4
<7>- AZ-6 T60 A-P (Frontal & Occipital) Intermediate 162.0 147.0 140.0 95.0 93.0 123.1
5' AZ-6 TlOl-1 A-P (Frontal & Occipital) Severe 156.0 153.0 142.0 93.0 94.5 129.33 AZ-6 TlOl-11 A-P (Frontal & Occipital) Severe 155.0 153.5 130.0 95.0 103.0 128.9
AZ-6 T102 A-P (Occipital) Intermediate 159.0 145.0 130.0 93.0 98.0 123.9 %
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CD Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
3. AZ-6 T116 07/06/00 Cabuza Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 T122 07/06/00 Cabuza Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
o ’
3 AZ-6 T126 07/06/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
2, AZ-6 TMCA2 07/06/00 Maytas Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-6 TMCA3 07/06/00 Maytas Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)o
Q AZ-6 T 1/1 07/06/00 Cabuza Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
O
5 AZ-6 T177 07/10/00 Maytas Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
(S’ AZ-6 T182 07/10/00 San Miguel Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
z AZ-6 T183 07/10/00 Maytas Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
9 AZ-IIS TZl 07/10/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
3 AZ-115 T5 07/10/00 Alto Ramirez Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
CD A Z-II5 T8 07/10/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
“n AZ-115 T i l 07/10/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)c
p. AZ-115 T17A 07/10/00 Alto Ramirez Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
3"
CD AZ-115 T17B 07/10/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-115 T18 07/10/00 Alto Ramirez Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
O■o AZ-8 T5B 07/11/00 Gentilar Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
1 AZ-8 T6A 07/11/00 San Miguel Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
c
a AZ-8 T6B 07/11/00 Gentilar Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
o AZ-8 T9 07/11/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
■o AZ-8 TI3 07/11/00 Gentilar Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
o AZ-8 T18 07/11/00 Gentilar Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-8 T23 07/11/00 Gentilar Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
1 AZ-8 T24 07/11/00 Gentilar
Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
o. AZ-8 T27 07/11/00 Gentilar Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-8 T31 07/11/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures. Catalog)
o
c AZ-8 T35 07/11/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
"O AZ-8 T36 07/11/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
CD
15 AZ-8 T38 07/12/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
3 AZ-8 T4I 07/12/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Denta, Sutures, Catalog)
w AZ-8 T40 07/12/00 Gentilar Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
§ AZ-8 T42 07/12/00 Gentilar Inland Male (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-8 T44 07/12/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
CD
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Cemetery Tomb# Deformation Type Deformation Severity G-Od Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
AZ-6 T116 A-P (Frontal & Occipital) Mild to Intermediate 165.0 144.0 133.0 100.0 102.0 126.3
AZ-6 T122 A-P (Frontal & Occipital) intermediate to Severe 170.0 150.0 139.0 96.0 104.0 123.3
AZ-6 T126 A-P (Frontal & Occipital) Intermediate 177.0 148.0 128.5 94.5 94.0 127.2
AZ-6 TMCA2 A-P (Frontal & Occipital) Intermediate to Severe 166.0 155.0 138.0 102.5 98.0 129.7
AZ-6 TMCA3 Annular Mild 170.0 133.0 131.0 95.0 116.5
AZ-6 T 1/1 Annular Intermediate 162.0 135.0 132.0 95.0 116.2
AZ-6 T177 Annular Intermediate 178.0 140.0 148.0 101.0 105.0 124.0
AZ-6 T182 Annular Severe 170.0 133.0 141.0 91.0 92.0 113.4
AZ-6 T183 A-P (Occipital) Intermediate 163.0 131.0 131.5 89.0 92.0 114.9
AZ-115 TZl A-P (Frontal & Occipital) Severe 146.0 153.0 127.0 90.0 90.0 128.5
AZ-115 T5 None 181.0 151.0 134.0 101.0 104.0 132.2
AZ-115 T8 A-P (Occipital) Intermediate 155.0 154.0 131.0 93.0 95.5 130.2
AZ-115 T U A-P (Frontal & Occipital) Intermediate 159.0 142.0 125.0 91.0 99.0 131.0
AZ-115 T17A A-P (Frontal & Occipital) Severe 150.0 158.0 122.0 92.0 127.8
AZ-115 T17B A-P (Frontal & Occipital) Severe 147.0 156.0 115.0 90.0 101.0 129.2
AZ-115 T18 None 182.0 148.0 128.5 99.0 102.0 131.7
AZ-8 T5B Annular Intermediate to Severe 170.0 129.0 133.0 96.0 97.0 120.0
AZ-8 T6A None 169.5 130.0 124.0 95.0 99.0 115.3
AZ-8 T6B Annular Mild 170.0 128.0 135.0 96.0 94.0 119.2
AZ-8 T9 Annular Mild to Intermediate 171.0 136.0 129.0 95.0 100.0 119.1
AZ-8 T13 None 172.0 135.0 145.0 99.0 93.0 128.0
AZ-8 T18 None 180.0 131.0 131.0 100.0 101.5 121.6
AZ-8 T23 A-P (Occipital) Mild 167.0 137.0 128.0 89.0 94.0 115.4
AZ-8 T24 Annular Intermediate to Severe 165.0 125.0 134.0 94.0 96.0 116.4
AZ-8 T27 None 179.0 134.0 130.0 102.0 104.0 119.8
AZ-8 T31 Annular Severe 170.0 136.0 126.0 87.0 92.0 114.8
AZ-8 T35 Annular Intermediate to Severe 165.0 133.0 139.0 93.0 90.0 129.2
AZ-8 T36 Annular Mild 166.0 126.0 126.0 87.0 93.0 111.2
AZ-8 T38 Annular Severe 170.0 129.0 135.0 95.0 96.0 118.8
AZ-8 T41 None 172.0 133.0 129.0 93.0 96.0 120.6
AZ-8 T40 A-P (Occipital) Mild to Intermediate 157.0 141.0 125.0 91.0 97.0 126.1
AZ-8 T42 Annular Mild 165.0 137.0 137.0 97.5 99.0 116.2
AZ-8 T44 Annular Intermediate to Severe 170.0 125.0 127.0 90.0 92.5 117.4
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Cemetery Tom b# Date Culture Geo. Loc. Sex (Based On) Age (Based On)
AZ-8 T70 07/12/00 Gentilar Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-8 T84 07/12/00 San Miguel Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 TS/R 1 07/13/00 Alto Ramirez Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 TDesc. 2 07/13/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T7 07/13/00 Alto Ramirez Inland Female (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-14 TIO 07/13/00 Alto Ramirez Inland Male (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T14 07/13/00 Alto Ramirez Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 T17 07/13/00 Alto Ramirez Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T36 07/13/00 Alto Ramirez Inland Female (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T38 07/13/00 Alto Ramirez Inland Female (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T2I 07/13/00 Alto Ramirez Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-14 T56 07/13/00 Alto Ramirez Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 T59 07/14/00 Alto Ramirez Inland Male (Skull &  Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 T56A 07/14/00 Alto Ramirez Inland Female? (Skull & Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T64C 07/14/00 Alto Ramirez Inland Male (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T65 07/14/00 Alto Ramirez Inland Male (Skull &  Catalog) 40-60 (Dental, Sutures, Catalog)
AZ-14 T76B 07/14/00 Alto Ramirez Inland Female? (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 T84A 07/14/00 Alto Ramirez Inland Female? (Skull &  Catalog) 30-40 (Dental, Sutures, Catalog)
AZ-14 T84B 07/14/00 Alto Ramirez Inland Male? (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 TX 07/14/00 Alto Ramirez Inland Female (Skull & Catalog) 18-30 (Dental, Sutures, Catalog)
AZ-14 T69 07/14/00 Alto Ramirez Inland Male (Skull & Catalog) 40-60 (Dental, Sutures, Catalog)
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Cemetery Tom b# Deformation Type Deformation Severity G-Op Eu-Eu Ba-B Ba-N Ba-Pr Au-Au
AZ-8 T70 Annular Intermediate to  Severe 167.5 119.0 129.5 95.0 97.0 111.7
AZ-8 T84 Annular Intermediate 183.0 134.0 145.0 103.5 99.0 121.1
AZ-14 TS/R 1 Annular Milt) 172.0 133.5 137.0 101.0 100.0 125.3
AZ-14 TDesc. 2 A-P (Frontal &  Occipital) Intermediate 165.0 140.0 132.0 lOI.O 106.0 116.3
AZ-14 T7 A-P (Frontal & Occipital) Severe 164.0 143.0 144.0 96.0 96.0 122.9
AZ-14 TIO Annular Severe 183.0 148.0 145.0 91.0 100.0 128.7
AZ-14 T14 A-P (Occipital) Mild 162.0 138.0 135.0 100.0 101.0 126.0
AZ-14 T17 Annular Intermediate 175.0 125.0 143.0 100.0 105.0 121.8
AZ-14 T36 Annular Severe 170.0 118.5 145.0 lOI.O 102.0 116.9
AZ-14 T38 A-P (Frontal & Occipital) Severe 166.0 143.0 131.0 89.0 89.0 123.0
AZ-14 T2I Annular Mild 181.0 140.0 136.0 101.0 106.0 125.1
AZ-14 T56 Annular Severp 163.0 138.0 133.0 95.0 101.0 119.8
AZ-14 T59 A-P (Frontal &  Occipital) Severe 168.0 137.0 140.0 107.5 100.0 127.6
AZ-14 T56A Annular Mil4 179.0 140.0 141.0 100.0 123.4
AZ-14 T64C Annular Severe 180.0 131.5 155.0 107.0 103.0 121.1
AZ-14 T65 Annular Mild 158.0 126.0 120.0 95.0 95.0 122.3
AZ-14 T76B Annular Severe 177.0 132.0 141.5 104.0 103.0 124.7
AZ-14 T84A Annular Severe 170.0 133.5 150.0 103.0 103.0 127.8
AZ-14 T84B A-P (Frontal & Occipital) Severe 172.0 143.0 143.0 98.0 95.0 124.0
AZ-14 TX Annular Severe 160.0 125.0 137.0 94.5 99.0 113.6
AZ-14 T69 Annular Severe 191.0 136.0 158.0 102.0 120.0
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